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I N T R O D U C T I O N 
INTRODUCTION 
The pathway traversed by the male germ cells through 
the tubular system of the mammalian epididymis is 
remarkable both for its length and for its tortuosity. 
Regnerus de Graaf (1668) believed that the long and 
tortuous windings of the epididymis slowed the stream 
of seminal fluid issuing from the testis, and so 
determined its better elaboration in a fashion similar 
to the preparation of intestinal chyle within the 
convolutions of the small intestine. Cheselden (1750) 
regarded the epididymis as no more than the excretory 
duct of the testis; Curling (1874) noted its length 
and complexity. Its "extent is so remarkable, that 
many physiologists have been led to suppose, that the 
semen is further elaborated and perfected in its passage 
through the convolutions constituting the epididymis". 
Becker's observations (1856, 1857) stimulated a new 
and lively interest in the epididymis and its functions 
He pointed out that the ciliary apparatus of cells lining 
the vasa efferentia in Man and mammals, differed 
considerably from the arrangement existing in the ductus 
epididymi.dis. In the former, individually separate 
ciliary processes could be recognised, in the latter 
they appeared fused with one another to form a cone -like 
mass; while movement could be observed in the vasa 
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efferentia, it was conspicuous by its absence in the 
ductus epididymidis. Myers -Ward (1898) described cell 
processes of various shapes and sizes; they were 
sometimes short, sometimes long and cylindrical with 
globular tips, and even spherical in appearance. He 
found portions of these processes free within the 
tubules, and concluded that "the epididymis is almost 
certainly a secretory tube, the secretion consisting 
of separated portions of the lining cells and destined 
for the nourishment of the sperm cells ". Aigner (1900) 
observed true ciliary movement in fresh preparations of 
mammalian vasa efferentia. He was unable to detect any 
movement whatsoever in similar preparations of the 
ductus epididymidis, but claimed that the lining 
epithelium of the vasa efferentia possessed both 
ciliated and non -ciliated elements; although he agreed 
with Myers -Ward that the epididymal tube was largely 
secretory in function, he believed that the "ciliary" 
processes were undisturbed by the outward passage of 
the secretion from within the cell substance itself. 
Benoit (1926), in a series of experimental bilateral 
castrations in the rat, found that the lining epithelium 
of the ductus epididymidis underwent a profound 
involution, as did a proportion of the cells lining the 
vasa efferentia. The ciliated components of the latter, 
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however, remained unchanged throughout; the castration 
modified neither their structure nor their number. He 
thus confirmed the presence of two distinct cell types. 
Although it is now generally agreed that ciliary movement 
in the efferential tubules at least assists the outward 
flow of sperm cells from the testes, the formation, the 
release, properties and functions of the epididymal 
secretions are still matters of controversy. 
Various investigators believed that spermatozoa 
were stored in the epididymis. Robin (1881), for example, 
described the cauda epididymidis in various Chiroptera 
as "constantly filled to capacity with spermatozoa". 
Hammer (1897) was able to release large numbers from 
the tail of the epididymis in dogs. Van Lanz himself 
(1924) reported similar observations in the mouse, 
guinea -pig, hare, bullock, sheep and pig. There seemed 
little doubt that the widening lumen of the complicated 
convolutions of the terminal epididymis encouraged the 
accumulation of masses of spermatozoa. Redenz (1924) 
isolated motile sperm from the cauda epididymidis in 
the dog three months after bilateral castration; the 
persistence of fertility, twenty -one days after bilateral 
ligation of the ductuli eff erentes in the rat (White, 
1933), indicated that not only sperm motility, but also 
sperm viability could be preserved for a period in the 
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tortuosities of the tail. 
Benoit (1926), from a series of unilateral and 
bilateral castrations in rats, concluded that the 
secretory activity of the epididymal tract was controlled 
by the testis and that the role of the secretion was 
to maintain sperm viability, to allow the sperm to 
acquire their motility and perhaps to protect them 
against noxious substances. White (1932) conducted a 
series of sperm motility determinations over various 
periods in several groups of hypophysectomised rats. 
He came to the conclusion that hypophysectomy has a 
pronounced deleterious effect on the survival of the 
sperm, that no internal secretion beneficial to sperm 
survival is elaborated by the testis after the removal 
of the pituitary, and that the pituitary does not supply 
any substance which is directly beneficial to sperm 
survival, as demonstrated by the fact that the survival 
period is no greater in castrated animals than it is in 
castrated hypophysectomised individuals. He concluded 
that sperm survival in the epididymas depended either 
on the direct action of androgenic hormone on the sperms 
themselves, or indirectly through its action on the 
ep i di dymi s . 
Various workers during the last three decades have 
attempted to formulate a positive relationship between 
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sperm maturity (the ability to fertilize ova of the same 
species) and the epididymal secretions to which the 
sperms are exposed. The problem has involved the 
consideration of several factors and chief amongst them 
are sperm motility and its relation to sperm maturity, 
the time spent by sperm within the epididymis, the 
specificity of the epididymal secretions and their 
dependence on the testis hormone. There seems little 
doubt that mammalian sperms increase in motility as they 
descend the epididymis from head to tail (Stigler, 1918; 
and Young, 1929). Again Young's (1931) experiments 
suggest that functional ability likewise increases as 
the epididymal tubule is traversed. He described 
insemination experiments on female guinea -pigs using 
sperm extracts from different levels of the epididymis. 
Although impregnation did occur when sperm from higher 
levels was used, the number doubled with the insemination 
of older "more mature" sperm from the distal portions 
of the tail. The avian and mammalian reproductive 
systems differ widely and no sperm storage mechanism 
exists as such in the former, yet Munro's findings (1938) 
are of great interest. His data, correlating the 
fertilising ability of sperm from different levels of 
the male tract in fowl, are convincing evidence that 
fowl sperms "acquire physiological perfection during 
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their outward passage ". He adds "that their functional 
efficiency is well indicated by their power of movement 
in vitro ". 
A number of investigators have sought to explain 
how this functional maturity is attained. Stigler (1918) 
claimed that spermatozoa on their way through the 
epididymis underwent some developmental change whereby 
their resistance to heat and their motility increased. 
Redenz (1924) believed that the sperms derived a protective 
envelope from the epididymal secretions and, so equipped, 
possessed a greater resistance against injurious factors 
they might encounter. Van Lanz (1929) was of the opinion 
that sperm maturity was conditioned by the specific 
action of the epididymal secretions; he believed, 
furthermore, that by their buffering action they imposed 
a limitation of independent motion on the spermatozoa and 
so encouraged their storage in the tail until ejaculation 
took place. Young (1931) doubted that a specific 
secretion was involved, contended that the time spent in 
the epididymis was the prime factor, and that the 
epididymal secretions provided no more than a suitable 
and natural medium in which the sperms reached their 
full maturity. Munro (1938) discusses these implications 
at some length. His own findings suggest that fowl 
sperms reach maturity in their passage through the 
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excurrent ducts, that a male environment is necessary 
for its attainment and that the time factor is relatively 
unimportant. 
Diseases of the epididymis present their own 
peculiar problems. The first intrascrotal manifestation 
of tuberculosis appears fairly regularly in the tail 
(Hamilton Bailey, 1936). The route followed by the 
tubercle bacilli has been a matter of dispute for many 
years; Wells (1951) believes that the seep of 
infected urine down the vas deferens is the causal 
factor, but blood borne infection is still regarded 
as a possibility (Galbraith, 1952). The more acute 
infections, gonococcal, staphylococcal, coliform and 
typhoid frequently involve both testis and epididymis, 
are described clinically as epididymo- orchitis, and 
may result in permanent atrophy of the testicle. The 
infection again may be blood borne, but it is 
believed that in the majority of cases the route is 
direct from prostatic urethra to the vaso- epididymal 
loop. Obstruction of the pathway is a factor of major 
importance in the aetiology and therapy of male 
infertility, for the effects on the testis may be more 
severe than we have hitherto been led to believe. The 
effects of experimental vasectomy and vasa efferentia 
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ligation have been the subject of various communications 
over the last half century. (Van Wagenen, 1924 Oslund, 
1926: Cunningham, 1928: White, 1933 :) . Ii epid idyn1 
occlusion is permanent the end result, whatever the 
effect on the testis, is an obstructive azoospermia. 
The recent advances, in the operative treatment of 
occlusive lesions of the vaso-epididymal loop in Man 
(Bayle, 1951) confirm that the full maturity of the 
spermatozoa need not necessarily depend on their passage 
through the absolute length of the epididymis from head 
to tail. The measure of success, which in practised 
hands now attends the operation of epididymo- vasostomy, 
is proof positive that fertile sperm can be recovered 
from the epididymis above the tail loop. Nevertheless 
exposure to the secretions of the epididymis, short 
though it be, has not been avoided. Successful impreg- 
nation following the operation of testiculo- vasostomy 
will be the only sound evidence to favour the view that 
the secretions of the epididymis per se need not 
necessarily contribute to the perfection of the 
fertilising powers of human spermatozoa. 
It is clear from a brief consideration of the 
fin äings of previous workers that the functions of the 
mammalian epididymis are still worthy of further 
investigation. There can be no difficulty in accepting 
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the epididymal role in sperm transport, sperm storage, 
and in sperm preservation, but the more precise 
properties of the epididymal secretions and their 
physiological relationship to the life cycle of the 
spermatozoon are still matters for conjecture. The 
regularity with which tuberculous lesions settle in the 
tail of the epididymis and the rapidity with which corc -1 
infections spread to involve the testis are problems 
of more than ordinary interest to the clinician and the 
pathologist. Furthermore the effects of epididymal 
obstructions, both high and low, are of fundamental 
importance to all students of fertility and sterility. 
The anatomy of the blood supply of the testis in 
Man and various species of mammals has recently been 
re- investigated (Harrison & Barclay, 1948; Harrison, 
1949) and the effects of both temporary and permanent 
occlusion of the testicular artery studied in the rat 
(Oett14 & Harrison, 1952). It is clear from the work 
of these authors that the complicated vascular pattern 
of the testicular artery is of functional importance, 
has various clinical implications and may be part of a 
thereto- regulatory mechanism. It was in the hope that 
an examination of the blood supply of the epididymis in 
the rat and in Man might provide additional information 
on its functions in health and disease, that this 
investigation was undertaken. 
PART I 
THE BLOOD SUPPLY OF THE RAT EPIDIDYMIS AND 
THE VASA EFFERENTIA. 
(1) The Arterial Supply of the Rat Epididymis. 
(2) The Venous Drainage of the Rat E ididymis. 
(3) The Vasa Efferentia and Their Blood Supply. 
(1) THE ARTERIAL SUPPLY OF THE RAT EP I DI DYMI S . 
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Historical Review. 
Eunice Chase Greene(1935) remarks in the preface to 
her text -book that "at the present time there is no 
general treatise on the normal anatomy of the Rat ". It 
is therefore not surprising to find that detailed accounts 
of the vascularization of the rat testis and epididymis 
are few and far between. The contributions of Jarisch 
(1888), Andres (1927), Chase Greene(1935) and Harrison 
(1949) are those of prime importance. 
Jarisch (1888) found the rat epididymis supplied by 
three separate branches arising from the convoluted 
portion of the testicular artery, a superior, a middle 
and an inferior. He depicts an anastomosis between the 
inferior and deferential arteries, and between an 
ascending branch of the former and the middle artery. 
The superior branch divides to supply the caput 
epididymis and the fatty body. 
Andres (1927) outlined the arterial tree in three 
rats by the injection of v.Sussdorf -Ackernecht's 
solution (Schellack - Alcohollósung mit Zinnober Gefárbi) 
through the thoracic aorta immediately after sacrifice 
by an overdose of chloroform. Before beginning the 
arterial injection he attempted to outline the vasa 
efferentia by the retrograde injection along the vas 
deferens of a similar medium coloured blue for contrast. 
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He never succeeded in filling more than the lower half 
of the body of the epididymis. His specimens were 
cleared by the Spalteholtz technique and he describes 
two main arteries, an upper to the fatty body and head 
of the epididymis, a lower to the body and the tail. 
(Plate 1). The latter vessel, before reaching the 
epididymis, sends a series of branches upwards towards 
the head on the outer side of the testicular artery. 
The individual branches of the superior artery anastomose 
with each other, and with the neighbouring branches of 
the lower, to complete an anastomotic chain from head 
to tail. The inferior vessel forms an anastomotic loop 
with the vasal artery. 
Eunice Chase Greene(1935) illustrates three 
arteries to supply the rat epididymis, one to the head 
and the fatty body, a second to the head and a third to 
the body and tail. (Plate 2). They appear to arise 
separately from the convoluted testicular artery, but 
their precise sites of origin are obscured by the 
overlying p ampiniform plexus. The anastomosis between 
the lowest epididymil artery and the deferential vessels 
is clearly shown. 
Harrison (1949) demonstrated the arterial supply 
to the rat testis and epididymis by radiography after 
the injection of "Chlorbismol" into the thoracic aorta. 
PLATE 1 
The arterial supply of the rat testis 
and. epididymis as depicted by Andres. 
ANDRES, J. (1927) Die Arterien der 
Keimdrusen bei männlichen 
und weiblichen Versuchs 
saügetieren. Z.ges.Anat., 
84, 445. 
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PLATE 2 
The blood supply of the rat testis and 
epididymis as depicted by Chase Greene. 
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His account is briefly as follows. The epididymis is 
vascularized either by two separate branches for the caput 
and cauda epididymidis, or by a single stem which divides 
into these two branches. These two vessels always 
anastomoseby. junctional branch running along the body 
of the epididymis, and the branch to the cauda, with 
the vasai artery. "The vasai artery may give 
off a small tortuous vessel which passes on to the 
scrotum into the territory of the cremasteric artery. 
Neither by close examination of the radiographs, nor by 
dissection could there be demonstrated any continuity of 
the injection mass in the vasai and cremasteric 
arteries In no testis out of more than thirty 
examined was the cremasteric artery filled by retrograde 
injection after injecting Chlorbismol through the 
testicular artery ". 
MATERIALS AND METHODS 
Mature albino rats were used throughout. Immediately 
after sacrifice by an overdose of Chloroform the descending 
aorta was exposed by a wide resection of the thoracic 
cage, and the arterial tree outlined by the injection at 
an even pressure of a 20% suspension of Bismuth Oxychloride. 
This medium fills channels which are presumably functional, 
and are greater than capillary size. The passage of the 
injection medium was easily visualised, and once filling 
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of the testicular distribution was judged to be adequate, 
the spermatic vessels were ligatured in the abdomen, the 
testis and epididymis removed and placed in absolute 
alcohol for 48 -72 hours. Thereafter the specimens were 
immersed in methyl salicylate until clearing was complete. 
This simple technique proved very satisfactory for the 
outlines of the testis and epididymis were preserved in 
relation to the injected vessels, and only very 
occasionally was it necessary to replace the specimens 
in absolute alcohol for longer periods. 
The arterial pattern was examined in a series of 
twenty -one well injected specimens, in which the gross 
pattern of supply was visible to the naked eye. Low 
power binocular microscopy, with the specimens immersed 
in the salicylate solution, was used in the plotting of 
the finer details. In four cases radiographs were taken 
on "Kodaline" film. 
In thirteen cases the distribution of the cremasteric 
artery was specially examined. In each the processus 
vaginalis was dissected clear from the scrotum, the 
origin of the cremasteric artery from the pudo- epigastri c 
trunk exposed and the stem of the artery ligated. The 
preparation, consisting of testis, epididymis and tunica, 
was cleared in the usual manner and examined. 
In twenty specimens particular attention was paid 
- 14 - 
to the sites and modes of origin of the epididymal 
arteries. 
The Arterial Pattern. 
The arteries primarily concerned are two in number, 
a superior and an inferior (Plate 3; Plate 4) . 
They arise from the convoluted portion of the testicular 
artery 1 - 2 cm. from the epididymis, either as two 
separate branches or by a short common stem. 
In fourteen out of twenty specimens examined the 
arteries arise independently, close to one another, in 
five, by a short common stem, while in one instance only, 
the inferior vessel leaves the parent trunk somewhat 
below and distal to the origin of the superior. In 
every case the arterial origins, whether separate or 
combined, are confined to the proximal half of the 
convoluted portion of the parent stem. Thereafter, the 
epididymal vessels run a straight uncomplicated course 
towards the epididymis. 
The superior artery passes through the substance 
of the fatty body to reach the head and presents in 
this portion of its course the following variations: - 
(a) Prompt division into two branches, a medial 
and a lateral - 8 cases 
(b) Prompt division into two branches, the 
lateral dividing into two short stems close 
PLATE 3 
A drawing of the testis and epididymis of 
the rat illustrating their arterial supply 
and the lymphatic drainage of the testis 
as seen from the medial aspect. The testi- 
cular artery passes medial to the corpus 
epididymidis, as do the lymphatic channels 
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Arteriographs of the testis And epididymis in 
the rat following the injection of 20% Bismuth 
Oxychloride suspension into. the thoracic aorta. 
In (a) the testis was removed, and the epi- 
didymis hardened in pure formol. The vasai 
artery is imperfectly filled. Specimens (b) 
and (c) were cleared. 
The following Key applies to arteriographs 
of the testis, and epididymis in the rat: 
T = Testicular artery 
S = Superior epididymal artery 
I = Inferior epididymal artery 
Ascending capital artery 
AC= Accessory capital artery 
V = Vasai artery 
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to the epididymal head. 
(c) A relatively straight unbranching 
course. 
- 2 cases 
- 11 cases 
In each case a variable number of twigs arise from the 
main vessel and its branches, to supply the fatty body. 
The inferior epididymal stem descends to reach the 
corpus epididymidis, courses along its posteromedial 
aspect to approach the tail, and there forms a well 
defined anastomotic loop with the vasal artery. Between 
its origin and the epididymis, variations in the pattern 
of distribution occur as follows: - 
(a) Close to the epididymis a single branch arises 
which runs upwards towards the head - the 
ascending capital artery. - 4 cases 
(b) Close to its origin, the inferior vessel 
affords an additional but longer capital 
branch - the accessory capital artery. - 11 cases 
(c) The ascending and accessory capital 
arteries are supported by yet a third 
vessel which springs from the inferior 
epididymal trunk between them. - 5 cases 
(d) In one instance, a curious loop stretches 
over the middle third of the main stem, and 
directs a single branch upwards towards the 
head -body junction. 
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These various branches proceed upwards and laterally and 
may all cross the testicular bundle on its outer side. 
The head and the adjoining portion of the body, 
therefore, are supplied constantly by the terminal 
branches of the superior artery and the ascending capital 
branch of the inferior; but the inferior vessel itself 
may furnish one or two additional branches - the accessory 
capital arteries. The pattern of supply is governed by 
the number of available vessels, but its main features 
remain constant throughout. It is characterised by the 
formation of a series of peripheral arterial loops, and 
from these loops numerous fine branches run peripherally 
to supply the tubular convolutions of the epididymis. 
One branch of the superior artery as a rule reaches the 
tip of the head to end in a fine spray of terminal twigs. 
Proximal to its termination it sends a branch forwards, 
and then backwards and laterally, which may anastomose 
either with an accompanying branch from its own trunk 
or with an accessory or ascending branch from the 
inferior artery. An anastomotic chain, therefore, extends 
from the tip of the head to the origin of the ascending 
capital artery. In this series of 21 cleared specimens 
a firm anastomosis occurs in fifteen instances; in the 
remaining six, anastomoses between branches of the two 
main stems do not occur, but the general pattern of 
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supply is maintained. No attempt was made to correlate 
the patterns of the main epididymil arteries as they 
supplied the caput and adjoining portion of the corpus 
epididymidis. Nevertheless, the superior vessel always 
provided at least two branches, when the supply from the 
inferior was reduced to a single ascending capital ramus; 
direct anastomoses between the individual arterial trunks 
do not occur. 
The inferior artery, as it descends closely applied 
to the body of the epididymis, provides a series of 
branches which embrace the body from behind forwards in 
arcade fashion. These in turn send fine twigs into the 
body substance. 
The loop connecting the vasal and epididymal arteries, 
occupies the upper superficial aspect of the tail body 
junction and the commencement of the ductus deferens. 
The neighbouring tissues are supplied by means of a 
series of subsidiary loops whose fine branches spread 
out in various directions: - 
(a) Into the tail and towards the tail tip. 
(b) Into the ligamentum testis. 
(c) Into the ligamentum inguinale. 
The blood supply of the ligamentum testis is derived 
from the caudal loops. Fine branches can be traced to 
the outer aspect of the tunica albuginea, but penetrations 
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of the tunica either by these or by twigs from the 
testicular artery as it runs close to the attachment of 
the ligament, are conspicuous by their absence. 
The ligamentum inguinale in five cases out of 
thirteen examined, carries a sound and irrefutable 
anastomosis between the caudal loops and the cremasteric 
artery. In two, vessels from both sources are seen to 
be closely related, but without continuity, at the 
junction of the ligament and the tunica vaginalis. In 
the remainder their terminal branches remain widely 
separated. 
The superior epididymal ligament is supplied by 
fine branches extending downwards from the capital 
network. No communication exists between these vessels 
of supply and the subtunical portion of the testicular 
artery. 
(2) THE VENOUS DRAINAGE. 
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Historical Review. 
Jarisch (1888), Andres (1927) and Harrison (1949) 
give no account of the venous drainage of the rat 
epididymis; Chase Green:ñ(1935) illustrates a reciprocal 
arterio- venous pattern. 
A routine examination of fresh specimens prior to 
their arterial injection suggested that the venous 
return from the epididymis followed the course of the 
arteries faithfully. The cleared specimens available 
for the investigation of the arterial supply frequently 
demonstrated the arrangement of the venous pathways as 
they accompanied the arterial channels; they could be 
distinguished by the patchy stasis of their blood content, 
which contrasted clearly with the white injection mass 
within the arteries. To confirm or refute these findings 
the venous drainage of the rat epididymis was specially 
investigated in a short series of injected specimens. 
The material and methods employed differed, only in 
detail, from the routine adopted in the examination of 
the arterial blood supply. A 20¡; suspension of Bism h 
Oxychloride was again used and injected through the 
inferior vena cava above the termination of the renal 
veins. Six specimens were cleared in the usual manner 
and examined by the naked eye for the gross patterns, 
and by low power binocular microscopy for the finer 
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details. There was no difficulty in establishing that 
the venous drainage was accurately modelled on the 
arterial supply. (Plate 5; Plate 6) . 
The inferior epididymal vein drains the lower two - 
thirds of the body and freely communicates with the veins 
of the ductus deferens; the venous loop, so formed, 
drains the tail, the ligamentum testis and the ligamentum 
inguinale. Accessory and descending capital veins 
clearly pursue the course of the reciprocal arteries, 
so that the head and the adjoining portion of the body 
drain their venous blood both into the superior and 
inferior epididymal channels. The two principal veins 
empty into the upper and lower aspects of the pampiniform 
plexus, as it surrounds the convoluted portion of the 
testicular artery. 
The superior epididymal ligament and the ligamentum 
testis carry no venous anastomosis between the testicular 
veins proper and the veins of the epididymis, but in two 
specimens a well defined communication between the caudal 
loops and the cremasteric vein crosses the ligamentum 
inguinale. 
PLATE 5 
Venograph (a) and arteriograph (b) of the 
rat testis and epididymis. The specimens 
are from different animals and show a 
reciprocal arrangement of epididymal 
arteries and veins. 
T' = Testicular vein 
S' = Superior epididymal vein 
I' = Inferior epididymal vein 
A' = Descending capital vein 
AC' = Accessory capital vein 
V' = Vasal vein 








(3) THE VASA EFFERENTIA AND THEIR BLOOD SUPPLY. 
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In seven cleared specimens it was possible by 
means of low power binocular microscopy, to visualise 
through the salicylate medium the bare outlines and 
general course of the vasa efferentia. 
The testicular artery, surrounded by the pampini- 
form plexus, uncoils and straightens as it crosses the 
body of the epididymis to reach the testis, and then 
bends sharply at an angle to run downwards, closely 
applied to the tunica albuginea. (Plate 7). Directly 
ventral to the bend of the artery the vasa leave the 
testis, as six relatively straight tubules surrounded 
by numerous superficial venous channels passing from 
the upper pole of the testis to reach the pampiniform 
plexus; in well injected specimens, an oval gap ventral 
to the testicular bundle indicates their origin from 
the rete testis. They gradually diverge from the spermatic 
vessels, curve forwards and convolute to reach the tip 
of the head on its medial aspect. 
Benoit (1926), in a careful study of the rat vasa 
efferentia, found that the six tubules unite to form one 
single convoluted channel which in turn joins the ductus 
epididymidis. The tip of the head of the epididymis in 
the rat is formed by the terminal portion of the vasa 
efferentia, the remainder by the convolutions of the 
ductus epididymidis. 
PLATE 7 
(a) A drawing to illustrate the, arrangement 
of the vasa efferentia in the rat and 
their blood supply. 
(b) A photomicrogaph to show the histological 
appearances of the vasa efferentia, the 
initial segment, and the ductus epididymidis 
in the rat. To the left of the figure the 
vasa join gradually to form one single 
tubule; the tubules of the initial segment 
show a high lining epithelium and contain 
only a few spermatozoa; the section has 
been cut obliquely and their lumina appear 
wider than usual; the main capital tubules 
to the right of the figure are well filled 
with spermatozoa. 
Rat M42: CONTROL: Iron H /E: x19. 
PLATE 7 















The commencement of the rat ductus epididymidis 
presents certain histological features which clearly 
distinguish this "initial segment " from the remainder 
of the tube proper. The lumen is relatively narrow, 
contains but few spermatozoa and is bounded by a high 
lining epithelium. The main. capital convolutions are 
characterised by their heavy spermatozoal content, a 
wide lumen and a lowering of the lining epithelium. 
(Plate 7b). 
The efferential system derives its blood supply 
from the superior epididymal artery. The "free" segment, 
normally visible as a thin delicate strand between 
testis and epididymis, is supplied by a single vessel 
and its branches which descends abruptly from the 
superior epididymal trunk, or from its medial branch, 
to reach as far as the mediastinum testis. No vessel 
was ever seen leaving the testis to anastomose with 
this descending efferential artery. The epididymal 
moiety is supplied by twigs from the superior epididymal 
trunk as it courses towards the tip of the head. 
The venous drainage was examined in the six cleared 
specimens used for the determination. of the venous 
pattern of the epididymis. The vasa efferentia are 
surroúnded by a rich venous plexus which drains upwards 
into the superior epididymal vein and communicates 
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inferiorly with the superficial veins around the upper 
pole of the testis. In no case could anastomotic 
connections be visualised between the efferential plexus 
and the deeper intra- testicular channels. 
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DI SCUSSION 
The author's findings differ in detail from those 
of Jarisch (1888), Andres (1927) and Harrison (1949). 
Jarisch (1888) observed three epididymal arteries, 
Andres (1927), Harrison (1949) and the author, two main 
arteries of supply. Andres' (1927) account does not 
include a description of the distribution of the cremasteric 
artery; Harrison (1949), in a large series, found no 
anastomosis between cremasteric and va.sal arteries, the 
author, a sound and irrefutable anastomotic channel in 
five out of thirteen cases specially examined. 
Andres (1927) described a constant anastomosis 
between the of supply: Harrison (1949), 
using 'Chlorbismol' (May and Baker Ltd.) as a radio - 
opaque injection medium, found a constant anastomosis 
between the superior and inferior epididymal arteries 
by a junctional vessel running along the body of the 
epididymis. The author's account draws attention to the 
variations in the pattern of distribution of the 
individual arteries, and indicates the absence of a 
firm peripheral anastomosis on six occasions in a series 
of 21 cleared specimens, following their injection with 
a 205 suspension of Bismuth Oxychloride. 
The author is in agreement with Chase Greene (1935) 
that the arterial supply and venous drainage of the 
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rat epididymis are reciprocally arranged. 
The author's account includes a description of the 
arterial supply and venous drainage of the rat vasa 
efferentia. 
PART II 
EXPERIMENTAL ARTERIAL INTERRUPTIONS 
(1) Preliminary Considerations. 
(2) Occlusions of the Main Blood Supply 
to the Head and the Adjoining 
Portion of the Body. 
(3) Occlusions of Other Arteries. 
(1) P REM IvíINARY CONSIDERATIONS . 
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Preliminary Considerations. 
A study of the effects of experimental interruption 
of epididymal arteries followed the preliminary 
observations which established the pattern of their 
distribution. The reciprocity of the arterial supply 
and venous drainage suggested that both arteries and 
veins be occluded simultaneously. In a series of pilot 
operations on mature albino rats the right testis and 
epididymis were approached through a mid -line abdominal 
incision. Various combinations of the arteries and 
their branches were ligated, and the effects observed 
by sacrificing the animals at periods up to ten days 
after Under certain conditions interruption 
of the superior epididymal artery and its branches was 
followed within forty -eight hours by a striking and 
rapid enlargement of the testis, and this in turn, seven 
to ten days after operation, by testicular atrophy. A 
preliminary histological survey revealed degenerative 
changes not only in the caput epididymiais and the versa 
efferentia but in the testis itself. 
The superior epididymal artery or i-cs branches were 
ligated and divided on nine occasions. In five instances 
obvious enlargement of the testis was present at 
sacrifice on the seventh post -operative day. In the 
remainder no gross change could be detected by 
27 
measurement and the histological appearances in both 
testis and epididymis were perfectly normal. 
The changes in the epididymis and vasa efferentia 
were assumed to be due directly to the interference 
with their blood supply. The changes in the testis, 
however, demanded a consideration of various factors 
which might conceivably influence the end result in a 
series of planned operations. The immediately apparent 
factors included sepsis, damage to the efferential 
tubules, faulty reposition of the testis within the 
scrotal cavity and interference with its blood supply 
and its lymph drainage. 
The rat is a hardy animal; nevertheless rigid 
asepsis was observed throughout and there were no 
complications. On purely anatomical grounds it was 
evident that any combination of arterial ligations 
could be undertaken without damaging directly the 
spermatic vessels or the efferential tubules. Replacement 
of the testis after operation presented no great problem, 
and day to day examination confirmed that the scrotal 
position was retained postoperatively. The possibility 
remained that the arterial interruptions damaged, in 
part or in whole, the lymph channels draining the testis. 
An examination of its lymphatic pattern was therefore 
undertaken. 
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The Lymph Drainage of the Rat Testis. 
Mature albino rats were selected, sacrificed by an 
overdose of chloroform and the testes exposed by a wide 
resection of the anterior abdominal wall. 
2cc. of Indian Ink is injected into the depths of 
the testis, near its lower pole. The efferent lymphatic 
pathways fill rapidly and are sharply delineated from 
neighbouring structures; their composite pattern is 
first observed in situ. Thereafter the testis is removed 
together with a long strip of the testicular vessels, 
placed in absolute alcohol and cleared in the usual manner. 
By this means a more detailed examination can be undertaken 
of the routes by which the lymph leaves the testis. 
In a series of ten cleared specimens three efferent 
channels can be identified, (Plate 3), as follows: - 
(a) A superior, which leaves the testis above the 
spermatic vessels, crosses the caput epididymidis 
and enters the substance of the fatty body. 
(b) A middle, which leaves the testis with the 
spermatic veins. 
(c) An inferior, which leaves the testis near its 
lower pole and runs upwards along its posterior 
border. 
These channels occur irregularly; in this series the 
findings are as follows: 
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(a) Drainage by all three routes - 2 cases 
(b) Drainage by the superior and inferior 
routes - 3 cases 
(c) Drainage by the superior and middle 
routes - 5 cases 
The subsidiary channels unite, at a variable point, 
by converging on the convoluted portion of the testicular 
artery to form one or two principal lymph streams which 
cross the posterior abdominal wall closely applied to 
the inferomedial aspect of the testicular trunk, and 
reach the para-aortic glands. Whatever the pattern, 
the lymph drainage of the rat testis bypasses the 
epididymis on its medial side. 
It was clear, therefore, that experimental arterial 
interruptions are best undertaken from the lateral aspect 
of the cord, for by this approach both the lymph drainage 
and the arterial supply of the testis can be more easily 
preserved. 
Finally, two rats presenting testicular enlargement 
seven days after operation were sacrificed and the lymph 
patters outlined by the technique described above. In 
each case the principal lymph streams filled with 
characteristic rapidity. They showed no gross abnormality 
when compared with the pattern of the contra -lateral 
testis. 
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With the exclusion of these factors, an attempt 
was made to produce a more constant result by occluding 
simultaneously the superior epididymal trunk and the 
accessory capital arteries. The ascending capital branch 
of the inferior epididymal trunk was spared, and the 
vascularization of the head and adjoining portion of the 
body depended, therefore, on the supply through both the 
vasai and inferior epididymal arteries. Testicular 
enlargement occurred within forty -eight hours in four 
cases out of six. 
On the basis of these preliminary considerations a 
standard operative technique was devised and a series 
of planned operations followed. 
The variations in the arterial distribution to the 
head and the adjoining portion of the body of the 
epididymis, the absence in several cleared specimens of 
anastomoses between the two main arteries of supply, and 
the confirmative findings in the short series of pilot 
operations, all suggested that attention be directed 
primarily to this segment of the epididymis. 
(2) OCCLUSIONS OF THE MAIN BLOOD SUPPLY TO THE 
HEAD AND THE ADJOINING PORTION OF THE BODY. 
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Operative Procedure. 
Albino rats were used throughout. Their selection 
was governed by Hoffmann's observation, (personal 
communication to Oettle and Harrison), that rats weighing 
over 130 grams are capable of normal spermatogenesis. 
They were fed on a uniform diet of rat cake (Lever's 
Cattle Foods Ltd., Bebington, Cheshire). Operations 
were performed on the epididymal vessels of the right 
side, the left testis and epididymis being used as a 
control. 
Under ether anaesthesia and with full aseptic 
precautions the testis is delivered through a low mid - 
line abdominal incision, rotated from right to left, 
(Plate 8), and then supported between the finger and 
thumb of an assistant. Gentle traction on the cord and 
fatty body exposes the epididymal blood supply in its 
entirety and the individual vessels are readily identified. 
The nose of a light artery forceps is eased through the 
peritoneal fold above the origin of the ascending capital 
artery and directed cranially, to emerge dorsal to the 
superior epididymal and accessory capital vessels but 
ventral to the pampiniform plexus. A loop of cotton 
thread is withdrawn with the forceps and severed, so 
that the vessels can be occluded between two ligatures 
and then divided; their ends are well separated, the 
PLATE 8 
A drawing to illustrate the operative 
technique. The right testis has been 
rotated from right to left and the artery 
forceps passes under the superior epi- 
didymal artery and its bránches. The 
inferior epididymal artery and its 
ascending capital branch are both 
preserved. 
In this animal there was no 
accessory capital supply. 
PLATE 8 
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testis carefully replaced into its scrotal bed and the 
incision closed in two layers, a continuous cotton suture 
for the peritoneum and abdominal musculature, and a 
series of interrupted sutures for the skin and superficial 
tissues. In each case the arterial interruption occluded 
the superior epididymal and accessory capital arteries 
but spared the inferior epididymal artery and its 
ascending capital branch. The possibility had to be 
considered that both testis and epididymis might suffer 
insult by their exposure to an extra -abdominal temperature. 
Therefore, in a short series of cases, both testes were 
delivered on to the abdominal wall and the left testis 
kept there until arterial interruption was completed on 
the right. In each case the control testis presented a 
perfectly normal histological picture. As the investiga- 
tion proceeded these findings were confirmed on several 
occasions, for certain arterial interruptions had no ill 
effects on the testis or on the epididymis itself. 
Post -Operative Course. 
The animals were caged at an even temperature (70 °7.), 
examined daily for the first ten days, and then at 
frequent intervals as indicated by their clinical 
condition. 
Within twenty -four hours the testis, in the large 
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majority of cases, enlarges; the swelling is detectable 
by palpating the scrotum and persists, on an average, for 
a period of seven to ten days and then regresses. The 
degree of swelling varies, but even with a slight 
enlargement the increase in intratesticular tension is 
unmistakable. Softening usually follows and thereafter 
the testis may remain quite small or, towards the end of 
the third post -operative month, it may gradually increase 
again in size. In a few cases a slight enlargement is 
followed by a diminution in size, and then in a matter 
of weeks by a return to normal consistency. Rarely the 
enlargement persists over a number of weeks, the testis 
gradually returning to normal. In one single instance 
the intratesticular tension, as measured by palpation, 
remained unchanged throughout. 
Distribution of Material. 
The animals were sacrificed by an overdose of 
chloroform at varying intervals. The testis and 
epididymis were examined, and the former measured against 
the controls, from pole to pole, mediolaterally and 
anteroposteriorly. Both testis and epididymis were then 
subjected to histological examination. 
As a rule, size differences were obvious. A 
remarkable feature in short -term cases, particularly 
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those presenting testicular enlargement, was the visible 
distension of the vasa efferentia by testicular products, 
for they are normally individually invisible to the 
naked eye. Furthermore, the epididymal head in these 
cases was duskily congested and occasionally enlarged. 
In long -term cases (two to three months) presenting 
testicular atrophy, there was a distinct over -all 
diminution in the size of the epididymis. The atrophied 
testis felt soft and flabby but on occasions seemed to 
possess a firm central core. In all, fifty -one operations 
were performed. 
In three, operative occlusion was imperfect, as 
demonstrated by the examination of the vascular patterns 
in the cleared specimens following their injection with 
of 
a 20¡' suspension/(Bismuth Oxychloride. For various 
reasons fourteen other cases had to be discarded. One 
animal developed a post- operative torsion of the testis; 
one was killed by its cage mates; sepsis in five others 
were severe enough to vitiate the result of the operation, 
and seven animals succumbed to intercurrent infections. 
It is noteworthy that right -sided testicular atrophy 
occurred in eleven of the "discards ". Without doubt the 
operation had played its part, but the extraneous factors 
could not be overlooked. Thus, thirty -four animals were 
available for an assessment of the operative results. 
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Eight animals presenting right -sided testicular 
enlargement were sacrificed at intervals from three to 
twenty -three days, ten, with testicular atrophy, from 
eight to ninety -one days. Eleven rats were examined 
histologically at post- operative periods from 152 to 
355 days. In four of these the right testis enlarged, 
regressed, and during the fourth post -operative months 
increased again in size. In six others, testicular 
atrophy persisted, while in one animal the right testis 
was still slightly enlarged 219 days after operation. 
Two rats were sacrificed at four days. In one, 
neither by scrotal palpation nor by measurement at 
biopsy, did the right testis differ significantly from 
the left; in the other a slight increase in intraP- 
testicular tension was palpable on the second day after 
operation, but at sacrifice there were no detectable 
size differences between the two sides. 
Three specimens and their controls were cleared 
following their injection with 20% Bismuth Oxychloride. 
One had atrophied, hardened by the 100th day, and 
appeared normal on the 189th day. Two, after an early 
but slight increase in tension, decreased in size but 
felt normal by the end of the third post- operative week. 
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RESULTS 
Histologic Procedure. 
Immediately after removal the testes were placed in 
Bouin's fixative for 24 hours; the lower quarter of the 
testis was then removed with a razor and the rest of the 
specimen returned to the fixative. After embedding in 
paraffin wax, 7. sections were cut parallel to the equator 
through both testis and epididymis. Heidenhain's iron 
hematoxylin and eosin was used as a routine staining 
method; Masson's trichrome, orcein -saffronin and a 
modified Wilder's reticulum impregnation technic (Lillie, 
1948) were used on long -term material. 
From the appearances at biopsy, it is possible to 
describe the results in two main categories, one in 
which testicular enlargement is followed by persistent 
atrophy, the other in which the initial changes are 
followed by an apparent recovery in part or in whole. 
The following accounts of the histological changes 
observed in the caput epididymidis, the vasa efferentia 
and in the testis, are based on the examination of the 
material at various periods after operation. 
THE CAPUT EPIDIDYMIDIS 
A destructive lesion was localised in fourteen out 
of thirty cases subjected to histological examination. 
In two, the damage is wide- spread involving the initial 
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segment and the tubular convolutions of the epididymal 
head; in four, the junctional area between efferential 
tubules and initial segment is selectively disorganised, 
and in the remainder the initial segment itself. Three 
days after operation (Plates 9a, 9b) nuclear staining is 
lost; the cell outlines are barely distinguishable, and 
fragmentation of cells is in progress. A well- marked 
polymorphonuclear cuff surrounds each tubule; the lumen 
may still contain a cluster of spermatozoa. By 28 days 
(Plate l0a) coalescence of the damaged tubules has 
occurred; their spermatozoal content lies surrounded 
by masses of epithelial cells, and fibroblastic invasion 
is occurring. Fifty -six days after operation fibroblastic 
proliferation is far advanced, the damaged tubules being 
enclosed in a mass of fibrous tissue. At ninety -one 
days fibrosis is almost complete, although the tubular 
pattern can still be recognized. 189 days (Plate 10b) 
after operation, the necrosed area is completely replaced 
by fibrous tissue. 
The epididymal changes in the remaining cases are 
congestive in nature. At four days (Plate lla) in one 
specimen, the junctional area between the efferential 
tubules and the tip of the head showed a remarkable 
increase in vascularity. Widely-dilated venous channels 
lie centrally and peripherally, with here and there an 
PLATE 9 
(a) Caput epididymidis in a pontrol 
specimen; on 'the right of the 
figure, the initial segment, on 
the left the main capital tubules. 
Rat M30: CONTROL: Iron H /E: x45. 
(b) The caput epididymidis three days 
after operation; tubular necrosis, 
with fragmentation of the lining 
epithelium. 





(a) Photomicrograph of the caput epi- 
didymidis 28 days after operation. 
Coalescence of the damaged tubules has 
occurred. Degenerating spermatozoa 
mark the previous site of the lumina 
of the tubules. 
Rat M30: Iron HIE: x75. 
(b) Caput epididymidis 189 days after 
operation. The area of necrosis has 
been completely replaced by fibrous 
tissue. 
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intertubular hemorrhage. The peritubular connective 
tissue is increased in density. A group of tubules 
lying peripherally are clearly obstructed by tightly - 
fitting clusters of spermatozoa; their epithelial 
lining is compressed, the nuclei are vesiculated and 
swollen, but no true necrosis has taken place. The 
appearances at periods ranging from eight days to eleven 
months are similarly characterized by a variable increase 
in intertubular connective tissue, and occasionally by 
a narrowing of the tubular lumina. (Plate llb). This 
is the only evidence to indicate a previous disturbance 
of the blood supply, for the epithelium remains healthy 
and there can be little doubt that the epididymal pathway 
is functionally patent. In one instance, the caput 
epididymidis presented a perfectly normal histologicA. 
picture four days after operation. 
THE VASA EFFERENTIA 
The changes in the vasa efferentia confirm the 
sequence of events in the epididymal head. The appearances 
in established epididymal necrosis are remarkable enough, 
but what is particularly noteworthy, are the findings 
in the efferential system when the epididymal pathway 
is clearly capable of sperm transport. 
In the former, three days after operation, the vasa 
efferentia, from epididymal junction to rete testis, are 
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so heavily packed with spermatozoa that their epithelium 
is markedly compressed and flattened. (Plates 12a, 12b, 
13). The number of spermatozoa enclosed within the 
individual tubules is enormous; each tubule is surrounded 
by an infiltrating girdle of polymorphonuclear leucocytes. 
A true necrosis of the lining epithelium occurs 
sporadically near the epididymis, but as a rule the 
cellular elements do not show the degree of distortion 
and destruction so clearly evident in the initial segment 
of the ductus epididymidis. The nuclei stain 
indifferently, are swollen and vesiculated, but yet 
preserve their outlines. At seven days (Plate 12c) 
spermatozoa still pack the lumina of the tubules; here 
and there, shrinkage occurs with detachment and 
disintegration of the lining epithelium. A relative 
increase of intertubular connective tissue is to be 
observed. 
By twenty -eight days (Plate 14a) after operation 
the spermatozoal collections shrink still further. 
Detachment and disintegration of epithelial cells 
continues, tubular distension persists, and the basement 
membrane has been breached by spearheads of invading 
inflammatory cells. Fifty -six days (Plate 14b) after 
operation the tubules are no longer markedly separate 
PLATE 12 
(a) The vasa efferentia in a control 
specimen. The tubules contain only 
a few spermatozoa. 
Rat M29: CONTROL: Iron H /E: x42. 
(b) The vasa efferentia three days 
after operation; the tubular system 
is packed to distension point with 
innumerable spermatozoa. 
Rat M29: Iron H /E: x26. 
(c) The vasa efferentia seven days 
after operation. Shrinkage of the 
spermatozoal aggregates is occurring 
with detachment and disintegration 
of the lining epithelium. 





(a) The lining epithelium of the vasa 
efferentia in a control specimen. 
Rat M30: CONTROL: Iron H /E: x670. 
(b) The lining epithelium of the vasa 
efferentia three days after operation. 
The epithelium is compressed by the 
spermatozoa which pack the lumen. 
Note the nuclear distortion and the 
leucocytic infiltration.. 




(a) The vasa efferentia 28 days after 
operation. Detachment and disintegration 
of the lining epithelium continues. The 
basement membrane here and there has lost 
its definition. 
Rat M36: Iron H /E: x39. 
(b) The vasa efferentia 56 days after 
operation. Partial fibrosis has 
occurred. 
Rat M31: Iron H/E: x32. 
(c) The vasa efferentia 91 days -after 
operation. The majority of the tubules 
are fibrosed. 
Rat M34: Iron H /E: x40. 
(d) Vasa efferentia 189 days after 
operation. The section is cut halfway 
between testis and epididymis. Fibrosis 
is complete and the obstruction is therefore 
absolute and permanent. 
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from one another. The increase of intertubular stroma, 
the invasion of the tubules, and peritubular condensation 
of fibroblastic tissue all suggest the early organization 
of the mass as a whole. 
At ninety -one days (Plate 14c) both peritubular and 
intertubular fibrosis are under way. Towards the rete 
testis, an occasional tubule presents an empty lumen and 
a healthy epithelium. At 189 days the efferential system 
is no longer patent. (Plate 14d). Although at both the 
epididymal and retial junctions individual tubules appear 
to be quite healthy, the intermediate sector is solidly 
fibrosed. An obstruction exists which is absolute and 
permanent. 
In three other cases, at 301, 329 and 342 days 
respectively, the efferential pathway was totally 
obstructed; in two others, at 342 and 355 days, (Plate 15a) 
severely embarrassed. 
Histological examination in the remaining cases 
showed beyond doubt that the efferential system is on 
occasions but imperfectly obstructed. In several, at 
periods of one to twenty -three days after operation, the 
more peripherally situated tubules are impervious for 
their lining epithelium is tightly compressed by 
spermatozoal casts. The remainder are healthy in appearance, 
though distended and quite empty. A careful scrutiny of 
PLATE 15 
(a) The vasa efferentia 342 days after 
operation. A very occasional tubule 
shows a healthy epithelium. The 
obstruction may not be <absolute, but 
the system is grossly and permanently 
disorganised. 
Rat M58: Iron H /E: x25. 
(b) The vasa efferentia 219 days after 
operation. The section has been cut 
obliquely. Centrally the tubules show 
a patent lumen and a healthy epithelium. 
Peripherally at A and B in the figure, 
peritubular fibrosis can be seen. The 
lumina of the tubules are narrowed,: 
but their epithelium is healthy. They 
lie near the epididymo -efferential 
junction. 
Rat M46: Iron H /E:. x25. 
(c) Occlusion of an efferential tubule 
189 days after Operation. A cluster 
of degenerating spermatozoa marks the 
previous site of the lumen. 
Rat M62: Iron H /E: x 320. 
(d) The vasa efferentia 219 days after 
operation. A tubule at 12 o'clock in 
the figure has been completely replaced 
by fibrous tissue. 
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the serial sections reveals an open pathway extending 
from the rete testis to the commencement of the ductus 
epididymidis. 
The appearances in long term material furnish 
unequivocal evidence that the tubular system, in part, 
has been permanently damaged, by an occlusive patchy 
fibrosis, a perfectly good pathway still existing between 
testis and epididymis. (Plates 15b, 15c, 15d). 
ididymal dysfunction may be transitory and intrinsically 
innocuous, but efferential recovery under these 
circumstances is seldom complete. The vasa efferentia, 
from rete testis to ductus epididymidis, present a 
completely normal histological picture in only one case. 
THE TESTIS 
The changes in the testis are due to the obstruction 
of its outlet. The following description is based on 
the examination of material presenting testicular atrophy 
on or shortly after the seventh post- operative day. 
The Seminiferous Tubules. 
Three days after operation there is no gross 
disturbance of the tubular pattern. The rete testis is 
ERRATUM 
Line 24, for "testicular" read "tubular 
". 
_ _____._ -- may e.Lrcumi erentially towards the 
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the serial sections reveals an open pathway extending 
from the rete testis to the commencement of the ductus 
epididymidis. 
The appearances in long term material furnish 
unequivocal evidence that the tubular system, in part, 
has been permanently damaged, by an occlusive patchy 
fibrosis, a perfectly good pathway still existing between 
testis and epididymis. (Plates 15b, 15c, 15d). 
Epididymal dysfunction may be transitory and intrinsically 
innocuous, but efferential recovery under these 
circumstances is seldom complete. The vasa efferentia, 
from rete testis to ductus epididymidis, present a 
completely normal histological picture in only one case. 
THE TESTIS 
The changes in the testis are due to the obstruction 
of its outlet. The following description is based on 
the examination of material presenting testicular atrophy 
on or shortly after the seventh post -operative day. 
The Seminiferous Tubules. 
Three days after operation there is no gross 
disturbance of the tubular pattern. The rete testis is 
dilated and the subtunical lymphatic pathways widely 
opened. A closer examination reveals a slight but 
definite increase in testicular diameter with displacement 
of the germinal layers circumferentially towards the 
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membrana propria. (Plate 16) . A rise in intratesticular 
tension must be assumed and cytologically its effects 
are apparent on both spermatogonia and primary sperma 
tocytes. The forluer are frequently phytoid (Oettle and 
Harrison,l952) and show hyperchromatic nuclei at 
are 
prophase. Here and there the latterñenlarged with 
vesiculation of their nuclei at the diplotene stage. 
At seven days the tubular system as a whole has 
contracted away from the tunica albuginea. Quite a 
definite separation occurs between its inner surface 
and the peripheral tubules. Following a general detach- 
ment of the cell layers from the membrane propria towards 
lumen the nuclei of 5ertoli stand 
clearly presenting their darkly staining eccentric 
nucleoli. The predominant feature, however, is the 
appearance of numerous multinucleated spermatids, 
containing from three to forty nuclei. (Plate 17a). 
The spermatogonia are frequently phytoid; the maturation 
of the spermatids is grossly disorganised, there being 
crescentic or annular clumping of their acrosomic 
chromatin. (Plate 17b). (see Leblond and Clermont, 1952). 
In one animal, seven days after operation, a dense 
aggregation of degenerating spermatozoa occupies the 
periphery of the testis on its medial aspect. It lies 
below the rete and deep to the tunica albuginea,(Plate l8a). 
PLATE 16 
(a) Seminiferous tubules in the 
testis of a control rat. 
Rat M29: CONTROL: Iron H/E: x110. 
(b) Seminiferous tubules three 
days after operation. There is 
an increase in tubular diameter 
and circumferential displacement 
, of the germinal epithelium. 







(a) The appearances in one testis seven 
days after operation. To the left of 
the figure lies a mass of spermatozoa 
bounded by a proliferation of inter- 
tubular connective tissue. The 
seminiferous tubules failed to empty 
their contents into the rete, and 
burst to discharge spermatozoa into 
the intertubular spaces. 
Rat M21: Iran H /E: x100. 
(b) Seminiferous tubules 56 days after 
operation. The tubules are lined only 
by vacuolated Sertoli cells. A few 
spermatogenetic cells can still be 
seen, although with difficulty. 
Rat'M31: Iron H /E: x40. 
PLATE 18 
a. 
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extending forwards towards the ventral border of the 
testis, and downwards towards its lower pole. Here and 
there disintegrating epithelial remnants mark the 
previous site of tubular lumina; distally, tubules 
packed with detritus are in continuity with the mass 
as a whole, while centrally, the aggregate is bounded 
by a dense proliferation of intertubular connective 
tissue. The appearances favour a disorganisation of 
sperm transport within the testis. Following a rapid 
rise of intratesticular tension the peripheral tubules 
fail to empty into the rete testis; they swell, burst, 
and discharge their content into the intertubular 
spaces as foreign bodies. The interstitial tissue 
reacts vigorously and proliferates. A similar appearance 
is described by Cunningham (1928) fourteen days after 
ligation and division of the rat vasa efferentia. 
While it is quite clear at fourteen days that 
groups of peripherally situated tubules show further 
degrees of damage, clusters of centrally situated tubules 
may be perfectly normal. In the former, reduction of 
the layers has reached spermatogonial level. These 
cells are sparsely scattered along the tubular lining 
embedded in a Sertoli cell syncytium, and only very 
occasionally do they appear to be cytologically normal. 
At fifty -six days (Plate 18b) the reduction of the 
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tubular layers persists. Although the lining consists 
almost entirely of Sertoli cells whose cytoplasm is 
markedly vacuolated, here and there, spermatogonial 
elements phytoid in appearance and showing pyknotic 
nuclei can still be detected. Only occasionally can 
mitotic figures be found. Intertubular fluid is 
conspicuous, and a rim of this fluid occupies the zone 
between the tunica albuginea and the periphery of the 
seminiferous tubules. 
At ninety -one days the intertubular fluid is again 
a conspicuous feature. The more peripheral tubules may 
be lined solely by Sertoli cells. Phytoid and pyknotic 
spermatogonia are not infrequent, and the occasional 
resting spermatogonium can still be found. 
At 189 days degenerative changes persist and are 
more pronounced. In one instance hardly a normal tubule 
can be recognized. Some possess only a thin lining of 
vacuolated Sertoli cells, some are reduced to 
spermatogonial level, while others are filled with a 
dense mass of Sertoli cell cytoplasm. What is chiefly 
remarkable is the appearance in various tubules of solid 
patches of degenerating spermatozoa (Plate 19a). In 
some, the spermatozoal plugs have contracted away from 
the membrana propria which itself shows a hyaline 
PLATE 19 
(a) Photomicrograph of the testis 
189 days after operation. Two 
tubules on the left of the figure 
are collapsed and contain Sertoli 
cells. The remainder contain 
degenerating. spermatozoa. Note 
the detachment of the spermatozoal 
casts and the hyaline degeneration 
of the membrana propria. Hardly a 
normal tubule could be found in 
this testis. 
Rat M35: Iron H /E: x110. 
(b) Seminiferous tubules 211 days 
after, operation. The tubule above 
and to thel right shows progressive 
spermatogenesis. The tubule in the 
centre is obstructed by a mass of 
degenerating spermatozoa. The 
remainder are collapsed, have lost 
their lumen, and contain mainly 
Sertoli cells. In this testis 
centrally situated tubules show 
active spermatogenesis, whereas 
the peripheral tubules show severe 
degenerative changes. 
Rat M41: Masson Trichrome: x140. 
PLATE 19 
a. 
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degeneration; the seminiferous lining has completely 
disappeared. Although in those tubules lined with 
Sertoli cells an occasional resting spermatogonium can 
still be found, the appearances as a whole suggest that 
the testis is irreparably damaged. In four cases at 
301, 329 and 342 (two) days respectively, similar 
conditions obtain. Nevertheless, some centrally situated 
tubules present an orderly pattern of spermatogenesis. 
(Plates 19b, 20a). Those situated peripherally, however, 
are collapsed, have lost their lumen and contain little 
but Sertoli cells. The contrast is particularly striking. 
Near the rete testis tubules totally obstructed by 
degenerating spermatozoal casts can still be found; 
(Plate 20b) the testis, though severely damaged, is 
still active in parts. 
In one case, presenting atrophy on the 355th day 
after operation, a material degree of recovery is at 
once obvious. (Plate 21a). Strangely enough, 
spermatogenic progression appears to cease at the 
spermatid stage, for the tubules, though in the main 
collapsed, contain well formed primary spermatocytes 
in every developmental phase; but the sporadic 
occurrence of spermatidic crescents, the numerous 
clusters of meiotic figures and the early detachment 
of these various cell types towards the lumen only 
PLATE 20 
(a) Seminiferous tubules 342 days 
after operation. A tubule in the 
centre of the field show pro- 
gressive spermatogenesis. The 
remainder are collapsed and contain 
mainly Sertoli cells.. 
Rat M60: Iron H /E: x40. 
(b) A group of seminiferous tubules 
near the rete in a testis 342 days 
after operation. They contain 
casts of degenerating spermatozoa. 
and Sertoli cells. The surrounding 
túbules contain mainly Sertoli 
cells. 
Rat M58: Iron H/E: x40. 
PLATE 20 
a. 
(a) Seminiferous tubules 355 days 
after operation. Spermatogenesis 
is progressive only to the'spermatid 
stage-. No spermatozoa could be found 
in this testis, but 'Were present in 
the control side: The efferential 
pathway, though severely embarrassed, 
was not absolutely obstructed. 
Rat M65: Iron H /E: x190. 
(b) Seminiferous tubules in a testis. 
''which was-Still large 23 `days after 
operation. Spermatids can be seen 
attached to the; basally situated 
Sertoli cells. There ar.e'no multi 
nucleatedspermatids to be seen. 
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emphasise by contrast, the total absence of spermatozoa. 
Peripherally, anepithelial tubules and spermatozoal cast 
formations can still be found. A careful study of the 
efferential system suggests that the pathway from testis 
to epididymis, though much embarrassed by peritubular 
fibrosis, was not absolutely obstructed, and the presence 
in the rete testis of circumscribed clumps of degenerating 
spermatozoa and a few well -formed spermatids seems to 
confirm a sluggish movement of the efferential stream. 
(Plate 23b). The control testis showed a perfectly 
normal histological picture. 
The appearancesin two testes, still enlarged on 
the fourteenth and twenty -third days respectively, 
(Plate 21b), are worthy of note. Tubular distension 
persists, with compression of the seminiferous epithelium. 
Spermiogenesis on the whole seems undisturbed; clumps 
of mature spermia are still firmly attached to the 
basally -situated Sertoli cells, and multinucleated 
spermatids are conspicuous by their absence. In each 
case the efferential pathway is peripherally embarrassed, 
but centrally patent. The slow but steady relief of 
intratubular tension apparently forestalls the rapid 
detachment of cells, so characteristically seen in cases 
seven to ten days after complete efferential obstruction. 
Spermatogenesis may be slowed, but the severer degrees 
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of spermatogenic destruction are avoided; hence the 
complete absence of multinucleated spermatids. When 
efferential block is complete, absorption by the 
lymphatic pathways and capillary bed is insufficient 
to delay the effects of tubular retention beyond a 
certain period. 
The long -term findings, in cases in which atrophy 
is followed by an apparent recovery in size and 
consistency, reveal little of the processes involved. 
The tubular pattern is within normal limits. The 
individual tubules are well filled. Spermatogenesis 
continues in an orderly fashion. Here and there a 
profusion of meiotic figures, in excess of the pattern 
seen in the control specimens indicates the increased 
activity to be expected after a period of quiescence. 
The Rete Testis. 
At three days the rete testis is widely dilated 
and devoid of sperm cells. As the testis atrophies, 
the retial bays decrease in size and remain empty, 
(Plate 22a) but in long term material, presenting 
testicular atrophy, the histological appearances are 
remarkably altered. At 189 days after operation, the 
mediastinal spaces are filled to capacity with masses 
of degenerating spermatozoa; (Plates 22b, 23a) and their 
(a).The rete testis is empty 56 days 
after operation. 
Rat M31: Iron H /E: x50. 
(b) The rete testis, 189 days 
after operation, is packed with 
an accumulation of degenerating 
spermatozoa. Its epithelium shows 
detachment and disintegration. 
There is a well marked periretial 
fibrosis. 




(a) A photomicrograph of the rete 
testis 342 days after operation. 
The lining epithelium of the retial 
spaces is severely damaged. Peri- 
retial fibrosis is well marked. 
Rat M58: Iron H /E: x50. 
(b) A photomicrograph to show the 
junction between efferential 
tubules and the rete testis at 
355 days after operation. The 
efferential system in this animal 
was severely embarrassed, but the 
presence of degenerating clumps of 
spermatozoa (S in figure) and well 
formed spermatids (Sp in figure) in 
the junctional area suggests the 
presence of a sluggish efferential 
stream. 
Rat M65: Iron H /E: x50. 
PLATE 23 
- 48 - 
lining epithelium suffers accordingly. Detachment and 
disintegration are accompanied by a well marked 
periretial reaction and in cases of absolute efferential 
obstruction, a periretial fibrosis is the general rule. 
These changes depend on the accumulation of testicular 
products within the mediastinum testis; they indicate 
an obstruction of the testicular outlet, but confirm a 
degree of persistent activity within the surviving 
tubules. 
The Tunica Albuginea. 
In the stage of enlargement the tunica albuginea 
is stretched over the expanding seminiferous tubules 
and is consequently thinned. Splitting of the laminae 
can be detected here and there on both the mesothelial 
and inner surfaces. As the testis atrophies the tunica 
contracts, wrinkles and towards the sixth post- operative 
month appears to thicken. In long term material its 
depth has increased to more than twice the normal; 
(Plate 24) a study of equatorial sections at various 
stages after operation suggests that some degree of 
fibroblastic activity follows the release of tension, 
once atrophy supervenes. The nuclei are certainly more 
conspicuous, appear to swell and lose their character- 
istic flattening. Let it be admitted that a decrease 
(a) The tunica albuginea in a control 
specimen. 
Rat M41: Masson's Trichrome: x100. 
(b) The tunica albuginea 226 days after 
operation. The increase in thickness 
is almost threefold. The seminiferous 
tubules are collapsed and contain 
little but Sertoli cells. Inter - 
tubular fluid is compressed.:.. 
Rat M41: 'Masson's Trichrome: x100. 
PLATE 24 
a. 
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in intratesticular tension should allow some degree of 
elastic recoil and an easier definition of laminar and 
cellular detail; the increase in thickness may therefore 
be relative rather than absolute. Nevertheless, the 
appearances in long term material using differential 
stains indicate an increase in collagenous base far in 
excess of the degree to be expected on simpler explanations. 
The Leydig Cells. 
In every testis examined, the interstitial cells 
preserved a healthy appearance. Their staining 
affinities were never in doubt, and despite their 
relative prominence in fields containing empty and 
atrophied tubules it was tempting to suspect an absolute 
rather than an apparent increase. A quantitative 
investigation is in progress. 
The Corpus Epididymidis. 
One observation is of more than ordinary interest. 
In the control specimens, sections 7 thick, and selected 
1 in 20, showed consistently in each and every tubule of 
the body 2 well defined cluster of speriaatozoa. This 
appearance obtains as a constant, from head to tail. 
(Plates 25a, 25h). 
Examination of the available material, at various 
periods from 3 to 355 days after operation, shows that 
PLATE 25 
A series of photomicrographs to show 
the changes in the corpus epididymidis 
at varying intervals after the onset 
of total efferential obstruction. 
e = (Control) 
42 days: Rat M38: Iron H /E: x32. 
b = 3._. days : Rat M30: n 
c = 14 days: Rat M25: 
d = 27 days: Rat M36: 
e = 42 days: Rat M38: 
f = 91 days: Rat M34: " 
g = 189 days: Rat M35: tt " 
h = (Control) 
ft 342 days: Rat M60: 
The corpus epididymidis has no sperm content 
14 days after operation. The cessation of 
the sperm stream effects a reduction in 
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the sperm content indicates accurately the effects of 
the pathological processes initiated by the arterial 
interruptions. 
When epididymil obstruction is absolute, either 
by virtue of capital necrosis or efferential insufficiency, 
the tubules distal to the lesion empty completely within 
fourteen days of operation. On the other hand, in cases 
where only a proportion of the efferential tubules are 
totally obstructed, the presence of spermatozoa in the 
body of the epididymis is confirmative evidence of the 
functional patency of the remainder. (Plate 26). 
The absence of sperm, in histological sections of 
the body of the epididymis in the caged mature albino 
rat, signifies imperfections of testicular function or 
of sperm transport. 
Cytologically the lining epithelium appears to 
increase in depth, and the individual cells retain 
their staining properties. The cessation of the sperm 
stream from testis to epididymis and therefore the lack 
of spermatozoal clusters within the convolutions of the 
body, accounts for reduction of secretory activity and 
a degree of tubular narrowing expressed as an overall 
diminution in the size of the epididymis as a whole in 
long term material. (Plates 25b, c, d, e, f, g.) 
PLATE 26 
A photomicrograph to show the vása 
efferentia (on the right of the figure) 
and the tubules of the body (on the 
left of the figure) in an animal 14 
days after operation. Although a 
proportion of the vasa efferentia 
are totally obstructed, the remainder 
are widely; dilated and empty. The 
presence of well marked clusters of 
spermatozoa in the tubules of the 
body proves without doubt the 
functional patency of the system 
as a whole. 
Rat M27: Iron H /E: x29. 
PLATE 26 
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The Cauda Epididymidis. 
Although the head and body of the epididymis are 
devoid of sperm cells within fourteen days of efferential 
obstruction, the wider convolutions of the tail contain 
large numbers of spermatozoa for longer periods. The 
cauda epididymidis was examined in each case of absolute 
efferential obstruction in this series; although the 
findings provide no positive explanation for the fate 
of non- ejaculated spermatozoa, they seem worth recording. 
Seven days after operation the histological 
appearances differ but little from those found in the 
control specimens, (Plate 27a); each tubule is occupied 
by a circumscribed mass of spermatozoa, presenting no 
great variation in density from centre to periphery. 
By forty -two days the tubular content has lost this 
characteristic appearance. Curious collections of 
amorphous eosinophilic material are scattered throughout 
its substance; sperm clustering is well marked, and the 
edges of the casts as a whole are well defined. 
(Plate 27'o). There is no encroachment on the lining 
epithelium which preserves its depth; droplets of 
secretion can still be found within the tubular lumen. 
At later periods up to the sixth post -operative 
month, the appearances vary in individual tubules; in 





A series of photomicrographs to show 
the changes in the cauda epididymidis 
at various periods after the onset of 
total efferential obstruction. 
(a) Control specimen. 
Rat M78: Iron H/Es x54. 
(b)_,42 days after operation. 
Rat M38: Iron H/E;' x32. 
(c) 189 days after operation. 
Rat M35s Iron H/E: x32. 
' In (h)and (c) the body of the epi- 
didymis is empty of spermatozoa. 
The ,caudal tubules contain well formed 
casts .of degenerating spermatozoa. 
PLATE 27 
C. 
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of spermatozoa, with the result that the eosinophilic 
bodies assume greater prominence and appear to increase 
in number, until in some cases the tubular lumen is well 
filled by their aggregation. Here and there a whorl of 
degenerating spermatozoa can be detected, surrounded by 
a rim of eosinophilic ground substance, and isolated 
sperm remnants are scattered irregularly throughout. 
Some tubules preserve the appearances seen at forty -two 
days, (Plate 27c), while in others hardly a single sperm 
cell can be located. A closer examination of the lining 
epithelium reveals little disturbance of the nuclear 
components. Their staining affinities are unaltered. 
Nevertheless here and there, and particularly in the 
tubules containing at this period amorphous collections, 
a lowering and a flattening can be detected. There is 
no evidence of a pressure necrosis, the changes are 
essentially cytoplasmic in nature and may indicate a 
temporary cessation of secretion formation and release. 
Sections at 22b days after operation, (Plate 28a), 
and at later periods, show that sperm cells have 
completely disappeared from the cauda epididymidis. 
Eosinophilic ground substance persists in various 
degrees of density; some tubules are quite empty. 
Variations in epithelial depth are still encountered, 
but such changes, as do occur, never seem to indicate 
` PLATE 28 
A series of photomicrographs to 
illustrate the changes in the cauda 
epididymidis at various periods after 
the onset of efferential Obstruction. 
(a) 219 days: 
Rat M41: Iron H /E: x32. 
(b) 342 days: 
Rat M58: Iron H /E: x32. 
(c) Control Rat: 342 days: 
Rat M58: Iron H /E: x32. 
The spermatozoal casts gradually dis- 
integrate. In (a) the casts are 
replaced by an "eosinophilic aggregate ". 
In (b) darkly staining (non -nucleated) 
basophilic bodies can be seen. 
.o 
ez HILY1c1 
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either epithelial disintegration or destruction. 
In long term material (Plate 28b) an occasional 
tubule presents non -nucleated basophilic collections 
within its lumen and rarely a few nucleated cells. 
Phagocytosis, however, was never observed, nor penetration 
of the lining epithelium by individual sperms. 
In the absence of more refined histological and 
histochemical techniques the serial changes observed 
favour a simple dissolution of the non -ejaculated sperm. 
The Vas Def erens . 
Examination of the proximal vas deferens, at various 
intervals following absolute efferential obstruction, 
revealed similar transformations of sperm content as 
described serially for the cauda, epididymidis. The 
changes were reciprocal throughout. 
Towards the seminal vesicle little or no histological 
abnormality could be detected, apart from a slight but 
definite decrease in tubular diameter. 
DISCUSSION 
The changes in the epididymal head are due to the 
interference with its blood supply and to the 
insufficiency of the collateral anastomosis. When they 
are severe, necrosis, organisation and fibrosis, follow 
one another in characteristic fashion. The area usually 
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involved is the initial segment, where the epithelium 
is high, the lumen narrow and secretory activity at is 
peak. (Plate 29; Plate 30). 
The immediate result is a disorganisation of sperm 
transport. Fragmentation of the lining epithelium seems 
severe enough to form a simple mechanical block; there 
is certainly a sudden disturbance of secretory activity 
and possibly an ischaemic paralysis of the plain muscle 
surrounding the tubules. The rapidity with which 
secondary manifestations appear in the testis must 
surely indicate the interruption of a sperm stream of 
some considerable velocity. 
The lesion need not be extensive, for the p atnway 
stretches in continuity as one single convoluted tubule 
from head to tail. Minimal destruction will obstruct 
absolutely. The focal congestion associated with sudden . 
alterations in the direction of the blood flow may well 
be severe enough to interrupt the pathway temporarily, 
for in some cases, the testis recovers within weeks; 
in others, months pass before its progressive increase 
in size seems to indicate a resumption of sperm transport. 
Histologically, in the latter, the epididymal head shows 
little more than a relative increase of intertubular 
connective tissue and a narrowing of the tubular lumina. 
On these occasions, it may be that the reopening of the 
PLATE. 29 
A diagram to illustrate the possible 
effects of experimental arterial 
ligation on the epididymis and testis 
in the rat. The sites of occlusion 
of the vessels are indicated by X. 
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EPIDIDYMAL 
RECOVERY 
PARTIAL EFFERENTIAL PATCHY 
OBSTRUCTION WITH \ FIBROSIS 
COMPENSATORY OF VASA 
DILATATION OF EFFERENTIA 
REMAINING TUBULES. 
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TESTIS RECOVERS 
TO NORMAL SIZE 1 
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epididymal pathway is rapid enough to release the 
efferential stream and allow the testis to recover 
within its own time. Despite a careful search in 
several cases presenting persistent testicular atrophy, 
no definite lesion could be detected in the epididymal 
head proper, but the junctional area between efferential 
tubules and initial segment had been selectively 
disorganised. There the tubular convolutions are so 
complicated that close serial sections are required to 
assess, with any degree of accuracy, the site and size 
of a particular lesion. 
The changes in the vasa efferentia are closely 
associated with the changes in the epididymas, for a 
common blood supply is derived from the superior 
epididymal artery. The changes observed are remarkable 
for the packing of the efferential system, within three 
days of operation, by countless numbers of spermatozoa - 
perhaps the most striking feature of the syndrome as a 
whole. Without doubt, interference with the blood 
supply and an insufficiency of the collateral anastomosis 
play their own particular part in initiating this 
obstructive distension; but the appearances favour the 
rapid, forceful discharge of sperm cells along the 
efferential tubules until the actual site of occlusion 
is reached. The subsequent clogging of the system as a 
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whole imposes pressure changes on an epithelium already 
damaged by ischaemia, in part or in whole. On purely 
anatomical grounds the vulnerable sites for interruption 
of the pathway are the junctional area where the six 
vasa efferentia unite to form one single tubule and the 
initial segment of the ductus epididymidis. 
Control histological sections of the initial segment 
and the vasa efferentia show constantly a paucity of 
spermatozoa within their lumina. Benoit (1926) believed 
that the secretory activity of the initial segment was 
instrumental in encouraging a rapid flow of spermatozoa 
through this portion of the epididymis. Jason aa-1 Shaver. (1957; 
have suggested that the high epithelium in this region, 
in the hamster, is absorptive rather than secretory. 
Whichever be the case the obstructive distension of the 
vasa efferentia by myriads of spermatozoa, following 
vascular lesions of the epididymil head region in the 
rat, strongly supports the contention that the first 
stage of their journey is accomplished by a vis a tergo 
from the testis. 
Recent researches ( Harrison & Macmillan, 1953 ) 
have established that similar changes occur in 
experimental ligations of the rat vasa efferentia. 
Workers in the past have concentrated on the effects 
produced in the testis (Van Wagenen,1924; Oslund, 1926; 
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Cunningham, 1928; White, 1933) . They have presumed, and 
rightly so, a total obstruction of the outlet ducts, 
but they have apparently overlooked the extraordinary 
filling of the ductuli efferentes (proximal to the 
ligature) by well formed spermatozoa in the early post- 
operative stages. 
The speed with which sperm transport recovers is 
all important, for the lining epithelium of the vasa 
efferentia cannot withstand indefinitely the pressure 
of accumulations of spermatozoa, nor can the testis be 
expected to function adequately against an obstructed 
efferential channel. Minor degrees of congestion may 
be innocuous, but situations arise in which the 
reopening of the pathway is rapid enough to release 
the efferential stream but too late to prevent a patchy 
fibrosis of portions of the tubular system. When 
epididymal necrosis exists and the obstruction is 
therefore permanent, the lining epithelium of the vasa 
efferentia, if still viable in parts, suffers slow 
compression, eventual devitalization and finally a 
replacement fibrosis. 
The gross changes in the testis indicate accurately 
the course of the obstructive process. In the early 
stages the testis expends itself in filling to distension 
point the pathway distal to the obstruction. 
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Spermatogenesis must then continue in the face of a 
closed efferential channel. Testicular products 
accumulate; for their absorption the lymphatic and 
capillary beds are apparently inadequate. The 
intratesticular tension rises; the testis increases 
in size. Pressure atrophy can only be forestalled by 
the early release of the efferential stream, and this 
can seldom be rapid when the efferential tubules are 
already packed, to distension point, with the massive 
accumulation of spermatozoa which initiated the 
obstruction. Once atrophy supervenes the clearing of 
the pathway may be sufficiently progressive to allow 
the testis /recover and return to normal activity, but 
testicular atrophy following epididymo- efferential 
fibrosis is still evident eleven months after operation. 
The tubular appearances vary. The greatest damage 
is found peripherally. Centrally groups of tubules 
appear to retain a normal pattern. It is likely that 
many tubules showing signs of early damage at seven days 
regenerate. Nevertheless, the end result depends on the 
degree of destruction in the epididyinal head and on the 
patency of the vasa efferentia. 
When efferential obstruction is absolute the testis, 
though eventually showing active spermatogenesis in 
parts, retains its products and these in turn degenerate. 
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Sperm cell transport within the testis is so disorganised 
that the products of some tubules may obstruct their own 
peripheral segments so severely that a total loss of 
germinal epithelium occurs, frequently accompanied by 
a hyaline degeneration of the membrana p rop ria. 
Similarly, well formed spermatozoa may even reach the 
rete testis. There, too, their added accumulation does 
nothing but harm and only encourages a reactive periretial 
fibrosis. A chronic thickening of the tunica albuginea 
in long term material constantly accompanies persistent 
testicular atrophy. The appearances as a whole are far 
from reassuring. The tubular system, at least in part, 
has been permanently disorganised and the chances of 
establishing any effective balance between spe.cinatogenesis 
and spermatolysis accordingly diminished. In any case 
mature sperm cells will never again reach the ductus 
epididymidis. 
The changes in the corpus epididymidis depend on 
the degree of epididymil obstruction. When this is 
absolute and permanent, the convolutions of the body are 
completely empty of sperms within fourteen days. If it 
is assumed that sperms possess no motile power within 
the epididymis, their transport from the site of 
occlusion to the wider tortuosities of the tail can 
only be accomplished by a steady downward flow of 
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epididymal secretion assisted, possibly, by peristaltic 
movements along the tube itself - for its plain muscle 
coat increases in thickness towards the tail. The 
control testis continues to produce androgenic hormone; 
the viability of the interstitial cells on the operated 
side is never in question and the lining epithelium of 
the body therefore remains healthy; the cessation of 
the sperm stream accounts for a reduction of secretory 
activity and a degree of tubular involution. 
The fate of non -ejaculated sperm requires further 
investigation. The findings described suggest their 
simple dissolution and disappearance in the tail and in 
the adjoining portion of the vas deferens. The use of 
histochemical techniques in a carefully controlled 
series of experimental epididymal obstructions may throw 
fresh light on an old problem. It is hardly tenable that 
spermatolysis and sperm replacement occur side by side 
in the epididymal tail; the slow but steady displacement 
of the epididymal pool by virtue of a constant sperm 
stream from testis to epididymis and epididymas to vas 
deferens is the more likely explanation; by this means, 
dead and dying sperms are always in advance of new 
arrivals. 
Examination of the injected and cleared specimens, 
although indirect, provides some measure of evidence of 
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the direction of the blood flow in life. Macroscopically, 
the flow through the ascending capital branch of the 
inferior epididymal artery and the vasai artery is 
sufficient to outline the supply, through preformed 
channels, to the head as far as the tip. In two 
specimens the disturbance of testicular function had 
been transient; the third testis had hardened by the 
100th post -operative day. Histological examination 
would have revealed, almost certainly, a patchy 
fibrosis of the vasa efferentia. 
(3) OCCLUSIONS OF OTHER ARTERIES. 
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The Superior Ealilymal Trunk, the Accessory Capital 
and Cremasteric Arteries. 
The superior epididymal trunk was ligated and 
divided in a short series of six mature albino rats. 
In one the right testis enlarged within twenty -four 
hours, atrophied on the seventh day, and remained so 
until sacrificed at 226 days after operation. 
Histological examination confirmed the typical syndrome 
of epididymal necrosis, absolute efferential obstruction 
and persistent testicular atrophy. In another the only 
abnormality detected 142 days after operation was a 
patchy peritubular fibrosis of the efferential system. 
In the remainder there was never any indication of an 
increase in intratesticular tension, and at sacrifice 
the right testis showed no size differences when compared 
with the left. Examination of their vascular pattern 
confirmed the interruption. of the superior epididymal 
artery and the revascularization of the head by means 
of branches from the inferior epididymal trunk. 
The accessory capital arteries were occluded in 
four animals and the cremasteric artery in one. 
Histological examination in each case confirmed the 
arterial interruption to be innocuous. 
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The Caudal Arteries. 
A consideration of the blood supply to the tail and 
the adjoining portion of the body, suggests a firm 
sufficiency of the well defined anastomotic loop between 
the vasal and inferior epididymal arteries; but this 
channel runs superficially and the substance of the tail 
proper is supplied by a series of deeper subsidiary 
loops and their peripheral branches. A study of the 
effects of experimental interruptions of caudal arteries 
is now in progress; the investigation has not advanced 
beyond an early stage; nevertheless, the results so far 
indicate that under certain conditions interference with 
the blood supply is followed by a widespread caudal 
necrosis. In pilot operations, ligation and division 
of the inferior epididymal artery below its ascending 
capital branch was effective in two cases out of four; 
but strangely enough an attempt to provide a constant, 
by simultaneous occlusion of vasai and epididymal 
arteries, was only successful in one case out of five. 
Revascularization had probably been sufficient through 
the superior epididymal and cremasteric arteries. In 
three cases occlusions of the vasai artery were without 
effect. It is clear that an adequate assessment of the 
anastomotic sufficiency of the caudal arteries is 
urgently indicated. 
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The caudal lesion, three days after operation, is 
characterised by frank epithelial necrosis, peritubular 
polymorphonuclear infiltration and a relative increase 
in intertubular connective tisrue. In two cases 
examined seven days after operation, coalescence of the 
damaged tubules occurred to form a circumscribed mass 
of fragmented epithelial debris and degenerating 
spermatozoa. 
The investigation continues. It may be that future 
work will indicate in some way or other the more precise 
mechanism of sperm storage in the rat. 
PART III 
THE BLOOD SUPPLY OF THE EPIDIDYP S IN MAN. 
(1) The Arterial Supply. 
(2) The Venous Drainage. 
(1) THE ARTERIAL SUPPLY. 
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Historical Review. 
Andreas Vesalius (1555) neither depicts nor describes a 
definitive blood supply to the human epididymis. 
Regnerus de Graaf (1668), however, describes and depicts 
a division of the testicular artery into two branches, 
three to four fingersbreadths above the testis. The 
smaller, which supplies the epididymis, is the more 
ventrally disposed, reaches the epididymis at the 
junction of the head and body, supplies both, and ends 
near the tail. Although in one illustration (Plate 31a) 
the epididymal artery is shown to curve at the vaso 
epididymal junction and proceed upwards towards the 
vas deferens, there is no indication of a contribution 
either from a cremasteric or a deferential artery. 
Stephanus Blancardus (1695) quotes de Graaf freely, 
reproduces his illustrations and gives a similar 
description; Cheselden (1750) makes no reference to an 
epididymal blood supply but Winslow (1776) writes that 
the terminal branches of the spermatic artery supply 
both testis and epididymis, anastomosing with a branch 
of the epigastrio artery from the external iliac. Monro 
(1813) notes the small calibre of the testicular artery 
at its origin, its convolutions as it approaches the 
testis, and observes that its terminal branches are 
distributed both to the epididymis and the body of the 
PLATE 31 
(a) The blood supply of the testis and 
epididymis in Man as depicted by 
Regnerus de Graaf. 
A = Testicular artery 
B = Testicular artery dividing 
into two branches 
C = Branch to the testis 
D . Branch to the epididymis 
E = Caput epididymidis 
FF = Epididymis 
G = End of epididymis 
H = Vas deferens 
GRAAF, REGNERUS DE. (1668) Tractatus 
de Virorum Organis Generationi 
Inservientibus. Opera Omnia, 
Tab.II, Fig. III. Lugd. Batay. 
(b) The blood supply of testis and epi- 
didymis in Man as depicted by Astley 
Cooper (1830). 
(a) Spermatic artery 
(b) Arteries to the epididymis 
(ccc) Spermatic artery in the testis 
,showing arterial arches. 
(d) Another and superior arch in 
the mediastinum. 
(e) Deferential artery. 
COOPER, ASTLEY. (1830) On the Anatomy of 
the Testis. Observations on 
the Structure and Diseases of 
the Testis. Part I. Plate III. 
PLATE 31 
a. 
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testicle. Astley Cooper (1830) finds the epididymis 
supplied by three vessels, all arising from the anterior 
branch of the testicular artery, one to the head, one 
to the body and one to the tail and tail loop, the last 
mentioned freely communicating with the deferential 
artery. His illustrations confirm the epididymo- 
deferential anastomosis, (Plate 31b), but show little 
evidence of an orderly pattern of supply by three 
separate channels; while the length of one vessel 
suggests an origin high in the inguinal canal, the head 
of the epididymis appears to be vascularized (almost 
entirely) by a terminal branch of the testicular artery 
from within the testis. A moderately large branch to 
the epididymis arising from the internal spermatic artery 
close to the testis, is described by Luschka (1863) who, 
however, makes no mention of any anastomotic connections. 
Henle's description (1868) includes the terminal division 
of the testicular trunk into three to four branches, and 
the origin from one of these of an epididymal artery to 
supply the head, descend along the body and finally 
anastomose with the artery to the vas deferens. 
Mihalkovics (1873) stresses that the tubular system of 
the epididymis throughout is surrounded by a rich 
capillary plexus. He suggests that the epididymis is 
therefore not only an excretory duct but a duct with a 
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secretion, and furthermore that inflammatory lesions by 
their interference with secretory activity may precipitate 
sterility even in the presence of a healthy testis. 
Sappey (1373) depicts a division of the testicular 
artery into two unequal branches: the larger supplies 
the testis, the smaller lies ventrally in the cord, 
supplies the epididymis and anastomoses with the artery 
to the vas deferens. 
Jarisch (1888) examined a series of fourteen adult 
and two juvenile testes, using as injection media Hyrtl's 
and Teichmann's solutions and Berlin Blue. His descrip- 
tions and illustrations emphasise the variability of 
the gross arterial supply, and he points out that the 
vascular patterns of the left and right testes in the 
same individual frequently present differences in 
detail. The caput epididymidis, he found supplied by 
one branch arising from an upper division of the 
testicular artery. This capital vessel vascularizes 
the head by means of several branches, one of which runs 
through its substance, to meet a terminal branch of the 
testicular artery piercing the tunica albuginea from 
within outwards. This anastomotic loop was constant 
throughout the series. The corpus epididymidis is 
usually supplied by a vessel which descends either from 
the capital artery or the division of the testicular 
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stem from which this artery takes origin, descends along 
the body to reach the tail and there forms an anastomotic 
loop with the deferential artery. The epididymo- 
deferential loop communicates constantly with the 
external spermatic (cremasteric) artery; it is not 
infrequently reinforced by a branch of the testicular 
artery which pierces the tunica albuginea from within 
outwards and before backwards, and forms at least a 
capillary anastomosis along the body of the epididymis, 
with the terminal branches of the capital artery. 
Testut (1894) regards the epididymal artery as a 
main terminal branch of the testicular trunk and 
describes a vascular network around the windings of the 
epididymal tube derived from both the deferential and 
epididymal vessels. According to Rauber (1894) the 
testicular artery divides into a number of branches 
close to the posterior border of the testis, one of 
which first supplies the epididymal head, then descends 
along the body, and at the tail anastomoses with the 
artery to the vas deferens. Haberer (1898) quotes 
Jarisch's description, that one of the branches of the 
spermatic artery regularly provides a capital artery 
to the epididymis; the body and tail may be supplied 
by a ramus descendens from the artery to the head, or 
alternatively by a second epididymal branch from the 
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testicular stem. 
Octave Pasteau (1901) describes a number (unstated) 
of epididymal branches from the testicular artery. The 
most important arises in the lower half of the spermatic 
cord some distance from the testis, runs from behind 
forwards to reach the head of the epididymis which it 
supplies, then descends following the tortuosities of 
the ductus epididymidis to reach the tail and there 
anastomoses with the artery to the vas deferens. 
Pellanda (1903) examined a series of seventy human 
specimens, and came to the following conclusions. In the 
cord, just above the testis, one or more branches arise 
from the testicular artery to supply the head of the 
epididymis; one of these penetrates the head and pierces 
the tunica albuginea to anastomose with a terminal intra, 
testicular branch of the parent trunk. An arterial 
arcade between the testicular and deferential arteries 
is completed along the body of the epididymis either by 
a second branch from the testicular stem or by a descending 
branch from the capital vessel. This arcade not only 
vascularizes the epididymal tube but also establishes 
a functional anastomosis between the testicular stem 
and the artery to the vas deferens. The deferential 
artery itself furnishes a few twigs to anastomose with 
the lower group of intratesticular arterial loops. 
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Eberth (1904) describes two branches of the testicular 
artery which reach the head of the epididymis, an upper 
and a lower. The former sends a branch along the 
epididymal border to anastomose with both the cremasteric 
and deferential arteries. The lower establishes capillary 
communication with the deferential and communicates with 
the arteria testicularis. His illustration (Plate 32) 
(after Jarisch) supports his description; 
the main artery to the body is shown arising from the 
upper division of the testicular trunk, proximal to the 
origin of the arteria capitis epididymidis. 
Picqué and Worms (1909) investigated the anastomotic 
connections of the vasoepididymal loop. According to 
their description, the head of the epididymis is always 
supplied by a single branch from the testicular artery 
(superior epididymal artery). The body and tail derive 
their main blood supply from a larger vessel which may 
arise high along the spermatic cord, breaking up into 
numerous branches as it descends to reach the epididymis; 
one of these, without necessarily branching in its 
course, descends to complete an anastomotic loop with 
the vasai artery. They classify the caudal anastomoses 
as follows: an epididymo -vaso- cremasteric, a testiculo- 
vaso- cremasteric where the classical vaso- epididymal 
anastomosis is absent, and finally two distinctly 
PLATE 32 
The blood supply of the testis and 
epididymis in Man (after Jarisch) - 
EBERTH, C.J. (1904) "Die mannlichen 
Geschlectsorgane" Handbuch 
der Anatomie des Menschen 
(K.von Bardeleben) 7, Abt.2., 
Teil 2. 
In this illustration the arteria 
caudalis is seen to descend along the 
body of the epididymis without providing 
a branch to the caput epididymidis. 
PLATE 32 
Arteria sprrumtiea ext. -- 
Arteria drf'rreutiabs 
Arteria eaadrrtis 
Arterio sper,ua/ier, interact 
Raum., superior 
Roams i,f-, -io,- 
Arteria rnpiLk pir/ielruuif& 
- Rau,v.v coaumu,Gvnu 
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sep arate arterial loops, one between the testicular and 
cremasteric arteries, and the other between the epididymal 
and vasai arteries without any interconnecting anastomosis. 
Their illustrations depict a constant branch to the head 
from the testicular stem and a larger epididymal trunk 
arising higher in the cord apparently occupying a position 
relatively dorsal to the parent trunk. 
Testut and Jacob (1914), (Plate 33), describe two 
epididymal branches from the arteria testicularis. The 
anterior supplies the head and forms an anastomosis along 
the body of the epididymis with the posterior vessel 
which, in turn, forms a typical epididymo -vasal loop 
with the deferential artery. This caudal loop is joined 
by the cremasteric artery, and sends a few twigs through 
the tunica albuginea into the testis, there to anastomose 
with the lower arterial loops of the testicular artery. 
In the period covered by two world wars current 
text -books continued to recognize that the epididymis 
derived its blood supply from branches of the testicular 
artery and that anastomotic connections occurred between 
the testicular and cremasteric, and between the epididymal 
and deferential arteries; for example, Frazer (1937), 
Johnston (1938) and .Johnston & nillis (1946). 
But it was not until 1948 that Harrison and Barclay 
focused new interest on the vascular pattern of the 
PLATE 33 
The blood supply of the epididymis and 
testis in Man after Testut and Jacob. 
1 Right testis - outer aspect. 
2 Tunica vaginalis. 
3 Epididymis retracted from the 
testis. 
4 Ductus deferens. 
5 Spermatic cord. 
66' Cremasteric loops. 
7 Internal spermatic fascia. 
8 Spermatic artery. 
8' Anterior epididymal artery 
8 Posterior epididymal artery 
anastomosing with the deferential 
artery. 
8 " ' Testicular artery supplying the 
testis. 
9 Deferential artery. 
10 Veins of the spermatic cord. 
11 Penis. 
12 Scrotum. 
TESTUT, I,., and JACOB, 0. (1914) Traite 











testis by reviewing the work of previous investigators 
and publishing their own findings in a series of fifteen 
fresh post- mortem specimens. Their injection media 
(colloidal bismuth and thorotrast) are radio- opaque, 
and by the judicial use of radiographic and micro- 
arteriographic techniques, they clarify and standardise 
the description of the vascular pattern and its variations. 
Their observations on the blood supply of the epididymis 
are briefly as follows. The caput epididymidis always 
receives a richer supply of branches from the testicular 
artery than the cauda; the capital arteries usually 
arise from the main stem three and a half inches from 
the testis, but may take origin from its main branches. 
The caudal supply may be derived from the main stem, 
from the branches of the main stem, or even from one 
of the capital arteries. An anastomosis between the 
capital network and the terminal branches of the 
testicular artery is very common, but occasionally the 
head is vascularized entirely by a vessel which passes 
through the tunica albuginea from within the testis. 
Similar anastomoses near the tail are less common, 
nevertheless the vascularization of the cauda from within 
the testis is no unusual occurrence. The body of the 
epididymis receives the least direct contribution from 
the arteria testicularis and is supplied by a few vessels 
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arising from the latter near the testis; arterial 
branches to all parts of the epididymis are always very 
convoluted. In a later communication, Harrison (1949) 
confirms the constancy of the epididymo -vasal anastomosis 
to form an indirect arterial loop between the deferential 
and testicular arteries, but describes a direct 
anastomosis between these latter vessels by means of a 
branch or branches passing across from the cauda 
epididymidis to the inferior pole of the testis, so 
completing a triple anastomosis. The cremasteric artery 
communicates directly or indirectly with this triple 
anastomosis in seventeen out of twenty-four cases examined. 
MATERIALS AND METHODS 
The vascular pattern of the human epididymis was 
examined in a series of twenty -one adult post -mortem 
specimens, the ages of the subjects varying from twenty - 
five to sixty. The testis, with its adnexa, was removed 
post -mortem, the testicular vessels ligated near the 
aorta and the blood supply outlined by the immediate 
injection of a 20% suspension of Bismuth Oxychloride 
through the testicular artery. Five specimens were 
cleared, the remainder were hardened in formalin, 
dissected and then radiographed. 
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The Vascular Pattern. 
A study of the material confirms a certain 
variability of the vascular pattern; its main features, 
however, remain constant throughout. A single 
epididyrnal branch of the testicular artery can always 
be found to supply both the head and the body of the 
epididymis, but its site of origin is very variable. 
(Plates 34, 35, 36, 37, 38). It may arise as little 
as half an inch and as much as three and a quarter 
inches from the epididymis, either from the testicular 
trunk proper or from one of its main divisions. Close 
to the epididymis it provides one or more capital 
arteries and then descends to reach the tail and form 
a well defined anastomotic loop with the vasai artery. 
The head of the epididymis may therefore be 
supplied by one single capital branch which ramifies 
over its surface, or by a number of smaller branches 
which convolute and anastomose with each other to form 
a dense capital plexus. The capital supply from the 
epididymal stem artery is sometimes reinforced by an 
additional superior artery from the testicular trunk 
proper. This vessel was recognized on four occasions 
in this series, arising two inches from the epididymis. 
A variable number of branches to the body arise 
as the stem artery descends lateral to the testicular 
PLATE 34 
Arteriograph of an injected human 
specimen. The greater part of the 
testis has been removed. The epi- 
didymal stem artery (E) has a high 
origin, runs superficially in the 
cord, supplies caput and corpus 
epididymidis, and at the tail takes 
part in a quadruple anastomoses 
between vasai (V), cremasteric (C) 
and the intratesticular branches 
of the testicular artery (T). 
The following Key applies to the 
arteriographs of human specimens: - 
T = Testicular artery 
V _ Vasai artery 
C = Cremasteric artery 




Arteriograph.of an injected human 
specimen. The ,testis has been removed. 
The epididymal stem artery has a high 
origin. The caudal anastomosis involves 
all four main arteries. Note the dupli- 





Arteriograph of an injected human 
specimen. The testicular artery has 
been severed at (T) and removed with 
the testis. The main anastomosis 
between vasai and epididymal arteries 
occurs on the corpus epididymidis. 
The capital artery ramifies and 




Arteriograph of a human specimen. 
The testis has been removed and the 
testicular artery turned upward at 
(T). The epididymal stem artery 
supplies head and body and forms a 
complicated caudal anastomosis with 
the cremasteric and vasai arteries. 
PLATE 37 
PLATE 38 
Arteriograph of a cleared. specimen. 
The main epididymal artery has been 
resected from the testicular artery 
and turned upwards (E). The accessory 
caudal artery (A.C) descends some 
distance from the epididymis and re- 
inforces the caudal anastomosis, 
between epididymal, vasal (V), 




vessels. They, too, are much convoluted and their 
anastomoses with each other and with the capital arteries 
frequently constitute a well marked arterial network 
extending from the head to the tail body junction. 
The blood supply of the tail is characterised by 
the complexity of communications between epididymal, 
vasai, cremasteric and testicular arteries. It is safe 
to say that no two patterns of distribution are alike. 
The most constant arrangement is a sound anastomotic 
loop between vasai and epididymal arteries, which form 
subsidiary communications with the cremasteric 
distribution and with the subtunical portion of the 
testicular artery. The latter connection is established 
by vessels which pierce the tunica albuginea from within 
outwards. 
A survey of twenty -one well injected specimens and 
the radiographs available, establish that, in fifteen, 
four arteries contribute to the supply of the tail, while 
in six a cremasteric communication is lacking. In this 
series anastomoses between the terminal intratesticular 
arteries and the superior epididymal group occur on 
seven occasions. 
No attempt was made to examine in detail the blood 
supply of the vasa efferentia in Man. A review of the 
radiographs, a consideration of the macroscopic 
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appearances in the various specimens suggested that the 
arterial supply of the efferential system was derived 
directly from the capital epididymal arteries. 
DISCUSSION 
The accounts of previous workers indicate the 
numerous anastomotic connections between the cremasteric, 
vasai, epididymal and testicular arteries in Tian. The 
well - defined anastomotic loop between the vasai and 
epididymal arteries, and the anastomotic channels 
connecting intratesticular vessels with capital and 
caudal arteries respectively, are now well recognized. 
In the author's series, anastomoses between capital 
and intratesticular arteries occur on seven occasions; 
Jarisch (1888) found this communication constantly 
present; Harrison (1948) describes its occurrence as 
very common. 
According to Harrison (1948), the head of the 
epididymis may be vascularized entirely by a vessel which 
passes through the tunica albuginea from within the 
testis. No specimen showed this appearance in the 
author's series. 
The vascular patternof the tail depends on the 
number of theevailable vessels; Jarisch (1888) claimed 
a frequent contribution from the testicular artery within 
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the testis, and a constant communication from the 
cremasteric artery. The author's findings are in 
agreement with those described by Harrison (1948) - 
a triple anastomoses between vasai, epididymal and 
testicular arteries in all cases, and in 75; of these 
its reinforcement by the cremasteric artery. Neither 
the findings of Harrison nor those of the author support 
the caudal variations described by Picqué and Worms (1909). 
The blood supply to the body is variously described. 
Jarisch (1888) claimed that the body of the epididymis 
is supplied by a vessel which descends either from the 
capital arteries or the division of the testicular stem, 
from which these arteries arise. Pellanda (1903) gave 
a similar account, and in agreement with Jarisch (1888) 
indicates its firm anastomosis with the vasai artery 
to form the caudal loop. Harrison (1948) points out 
that the body of the epididymis receives the least direct 
contribution from the testicular artery and is supplied 
by a few vessels arising from the latter near the testis. 
Picqué and Worms (1909) favoured a single branch to the 
caput epididymidis, and a larger to supply the body and 
the tail. The latter may arise high in the spermatic 
cord, breaking up into numerous branches as it descends: 
one of these, without necessarily branching in its 
course, descends to complete the caudal loop with the 
- 78 - 
vasai artery. 
A careful examination of every available radiograph 
and every specimen, in the author's series, confirms 
that at least one vessel supplies both head and body of 
the epididymis. The marginal vessels described by 
Pellanda (1903) and Jarisch (1888) (see Plate 32) and 
Harrison (1948), occurred frequently in the author's 
specimens, but never without providing a branch or 
branches to the head of the epididymis. The examination 
of a recently cleared specimen revealed a pattern (Plate 38) 
resembling that described by Picqué and Worms (1909). 
But here, too, the main stem artery supplied both body 
and head; one long branch arising separately from the 
testicular artery descending some distance away from the 
epididymis to meet the stem artery and reinforce the 
vaso- epididymal anastomosis. The author's findings 
suggest the simple description that the epididymis in 
Man is supplied primarily by a single stem vessel, which 
provides a branch or branches to the head, and branches 
to the body, and terminates in the caudal anastomosis; 
accessory capital or caudal arteries may reinforce the 
capital and caudal supplies respectively. 
(2) THE VENOUS DRAINAGE. 
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Historical Review. 
Regnerus de Graaf (1668), Cheselden (1750), Winslow 
(1776) and Lonro (1813) neither mention nor depict the 
venous drainage of the human epididymis. Astley Cooper 
(1830) describes a series of epididymal veins, all of 
which terminate in the veins of the cord, one from the 
head, one from the body, one from the tail and tail loop, 
as well as a few small unnamed tributaries. His 
illustration (Plate 39) confirms his description and 
is noteworthy for the large anastomo ti c channel running 
along the posterior border of the testis to connect 
three well- defined routes of venous drainage, two in 
front of the vas deferens and one behind. Henle's 
account (1868) is interesting; although he finds the 
epididymal veins are absorbed in their entirety into 
the main spermatic plexus, he claims a portion of this 
plexus to be diverted at the deep inguinal ring into 
the inferior epigastric vein. Two spermatic plexuses 
are noted by Sappey (1873), one ventral the other dorsal 
to the vas deferens; the latter receives all the veins 
from the body and tail of the epididymis and empties 
into the inferior epigastrio vein. His illustration 
shows a communication between the two described plexuses 
along the body of the epididymis; a capital vein is 
seen draining into the anterior plexus. According to 
PLATE 39 
The venous drainage of the human 
testis 'and epididymis as dépicted 
by Astley Coopér (1830). 
(a) Testis 
(b) Epididymis 
(c) Vas deferens 
(d) First cluster of veins 
(e) Second cluster of veins 
(f) Veins accompanying th.é vas 
deferens. 
(g) Communicating vein between 
d, è and f. 
X Veins leave the epididymis 
PLATE 39 
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Testut (1894) the capital veins join the main venous 
plexus issuing from the hilum of the testis. The veins 
draining the body and tail form a secondary plexus 
dorsal to the vas deferens which drains as a rule into 
the inferior epigastric vein. Rauber (1894) makes no 
mention of this latter route and describes the absorption 
of the epididymal drainage as a whole into the 
pampiniform plexus. Haberer's (1898) (Plate 40) 
investigations are carefully presented. He gives a 
precise account of the patterns and their variations, 
selecting four separate routes of venous return, 
testicular, epididymal, a deferential and an external 
spermatic. These inter- connect close to the testis by 
means of two channels, one lying along the posterior 
border of the testis, the other close to the epididymis 
(vena marginalis testis: vena marginalis epidid midis) . 
Although numerous inter -communications exist along the 
spermatic cord, he maintains that one chief vein drains 
the body and tail of the epididymas, that a single vena 
testis absorbs the major portion of the pampiniform 
plexus, and that the deferential vein terminates in the 
vesical plexus while the external spermatic vein empties 
into the inferior epigastric. He compares the arterio- 
venous arrangement in the testis with that of the 
epididyniis; while the venous drainage of the testis 
PLATE 40 
The venous drainage of the testis 
and epididymis in Man after 
Haberer (1898). 
EBERTH, C.J. (1904) Die mannlichen 
Geschlectsorgane Handbuch 
der Anatomie des Menschen. 
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is irregularly arranged around the course of the main 
artery the venous drainage of the epididymis is patterned 
on its arterial supply. The loop between the vena 
epididymica, deferential and external spermatic veins 
reciprocates the arterial arcade between epididymal 
and deferential arteries and its anastomotic connections. 
The drainage of a capital series of veins into the 
ventral aspect of the pampiniform plexus represents the 
course pursued by the capital supply from the main 
arterial stem. 
Octave Pasteau (1901) recognizestwo groups of 
veins draining the testis, a superficial and a deep which 
unite to form the pampiniform plexus. In this plexus 
terminate the capital veins of the epididymis; the 
veins draining the body and tail either end in the 
pampiniform plexus or form a subsidiary channel deep to 
the vas deferens, which drains into the inferior 
epigastric veins. 
Eberth (1904) bases his account on Haberer's findings 
and describes the junction of the vena epididymica and 
the vena testis to form the internal spermatic vein 
proper, one third of the distance between the deep 
inguinal ring and the inferior vena cava. 
Testut and Jacob (1914) divide the spermatic veins 
into two groups, one ventral to the vas deferens, the 
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other dorsal. The dorsodeferential group consist largely 
of those draining the body and tail of the epididymis, 
and end as a rule in the inferior epigastric vein; they 
depict a capital vein draining into the ventral plexus. 
The veins of each group anastomose freely, one with 
another, and with the veins of the neighbouring groups; 
anastomotic connections are described with the veins of 
the cord coverings (external spermatic vein), the veins 
of the scrotum and with the veins on the opposite side 
of the body. 
The following account appears in the 4th Edition of 
Buchanan's Manual of Anatomy (edited by a Committee of 
London Anatomists, 1919) "The veinsof the testis issue 
at the upper part of the posterior border, and, along 
with those of the epididymis enter the spermatic cord 
where they form the pampiniform plexus ". 
Similar descriptions are given by Frazer (1937) , 
Johnston and Millis (1946). 
Harrison and Barclay (1948) injected the venous 
system with colloidal bismuth in two cases, and by 
thorotrast in another case, in order to determine the 
relationship between the arterial supply and venous 
drainage of the testis. They find little indication of 
a vena marginalis testis and vena testis in the specimens 
examined, but describe the vena marginalis epididymi dis 
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LRATUM 
Line 3, for "epididymidica" read "epididymica ". 
The venous pattern of the human epididymis was 
examined in a short series of five adult post mortem 
specimens, the ages of the subjects ranging from forty 
to eighty years. The testis and its adnexa was removed 
post mortem, the testicular vessels ligated near the 
aorta, and the venous drainage outlined by the immediate 
injection of Micropaque (Damancy & Co.) through a high 
and suitably accessible vein. Thereafter the specimens 
were hardened in a 10% solution of Formol saline, 
dissected, and radiographed. 
THE VENOUS PATTERN 
Harrison (1948) describes the drainage of the human 
testis "by superficial, deep or large short circuiting 
channels" which "converge towards the posterior border 
of the testis to form a complex network of tortuous 
vessels. These anastomose, divide, subdivide, and 
anastomose again, to form the pampiniform plexus ". In 
the following description of the venous p atternof the 
human epididymis Harrison's definition of the pampiniform 
plexus obtains throughout. 
A scattered superficial plexus stretches over the 
epididymis from head to tail; the efferent channels 
conform to a distinct pattern. The veins of the head 
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as a small tortuous vein. running along the epididymis 
to drain into a vein of very large calibre, presumably 
the vena epi di dymi di ca of Haberer. 
MATERIAL AND nTHODS 
The venous pattern of the human. epididymis was 
examined in a short series of five adult post mortem 
specimens, the ages of the subjects ranging from forty 
to eighty years. The testis and its adnexa was removed 
post mortem, the testicular vessels ligated near the 
aorta, and the venous drainage outlined by the immediate 
injection of Micropaque (Damancy & Co.) through a high 
and suitably accessible vein. Thereafter the specimens 
were hardened in a 10, solution of Formol saline, 
dissected, and radiographed. 
THE VENOUS PATTERN 
Harrison (1948) describes the drainage of the human 
testis "by superficial, deep or large short circuiting 
channels" which "converge towards the posterior border 
of the testis to form a complex network of tortuous 
vessels. These anastomose, divide, subdivide, and 
anastomose again, to form the pampiniform plexus ".. In 
the following description of the venous patternof the 
human epididymis Harrison's definition of the pampiniform 
plexus obtains throughout. 
A scattered superficial plexus stretches over the 
epididymis from head to tail; the efferent channels 
conform to a distinct pattern. The veins of the head 
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and the adjoining portion of the body run a short course 
towards the ventrolateral aspect of the pampiniform 
plexus. In three cases the issuing veins arrange 
themselves in two separate groups, a medial and a 
lateral; in two, the grouping is replaced close to the 
épididymis by individual medial and lateral channels. 
The tributaries of the body and the tail join to form 
a marginal vein which ascends obliquely to cross the 
cord on its outer side - the vena marginalis epididymidis. 
ERRATA. 
Line 16, for "epididymidica" read "epididymica ". 
Line 25, for "epididymidica" read "epididymica ". 
...... ....... ........... ........ ' 1/4 .. -r.._.,. . ..... ...... ..... ..,........... ...-.. 
marginal and lateral capital veins unite to form one 
single vessel which in turn accompanies the pampiniform 
plexus - the vena epididymidica. In the last specimen 
available, the marginal vein communicates by a well 
defined oblique channel with the lateral capital vein: 
both medial and lateral capital veins are then absorbed 
into the main plexus (Pla-te 42b) . 
The marginal vein of the epididymis then, may 
receive, in part or in whole, or communicate with, the 
capital veins, but in all five cases it continues upwards 
on the ventrolateral aspect of the spermatic cord, as 
the vena epididymidica. No attempt was made to trace 
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and the adjoining portion of the body run a short course 
towards the ventrolateral aspect of the pampiniform 
plexus. In three cases the issuing veins arrange 
themselves in two separate groups, a medial and a 
lateral; in two, the grouping is replaced close to the 
epididymis by individual medial and lateral channels. 
The tributaries of the body and the tail join to form 
a marginal vein which ascends obliquely to cross the 
cord on its outer side - the vena marginalis epididymidis. 
In one specimen the capital veins in their entirety 
join the pampiniform plexus (Plate 41) ; in another, 
both the medial and lateral veins empty directly into 
the marginal vein (Plate 42a). In two instances the 
marginal and lateral capita] veins unite to form one 
single vessel which in turn accompanies the pampiniform 
plexus - the vena epididymidica. In the last specimen 
available, the marginal vein communicates by a well 
defined oblique channel with the lateral capital vein: 
both medial and lateral capital veins are then absorbed 
into the main plexus (Plate 42b) . 
The marginal vein of the epididymis then, may 
receive, in part or in whole, or communicate -with, the 
capital veins, but in all five cases it continues upwards 
on the ventrolateral aspect of the spermatic cord, as 
the vena epididymidica. No attempt was made to trace 
PLATE , 41 
A venograph of a human specimen 
injected with Micropaque. The testis 
has been removed. The capital veins 
drain directly into the pampiniform 
plexus`. The vena marginalia passes 
upwards to join the pampiniform 
plexus as the vena epididymica. The 
marginal vein communicates with the 
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(a) A venograph of the testis and epididymis 
in Man following injection of the pampiniform 
plexus with Micropaque. In this specimen the 
capital veins drain entirely into the vena 
marginalis epididymica to form the vena epi- 
didymica which joins the pampiniform plexus 
on its ventrolateral aspect. 
(b) A venograph of the testis and epididymis in 
Man following injection of the vena epididymica 
with Micropaque. This specimen had previously 
been injected through the pampiniform plexus, 
but several leaks emptied the whole system 
over a number of weeks, despite storage in 
10% Formol saline. The reinjection of the 
vena epididymica shows the vena marginalis 
epididymica communicating with the capital 
veins by a well defined'oblique channel. The 
capital veins communicate with the pampiniform 
plexus and the-vena epididymica joins the 
plexus higher in the cord.- The injection mass 
has outlined part of a communicating channel 
between the vena marginalis epididymica and 
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its more intimate connections beyond its point of 
junction with the pampiniform plexus. This occurs on 
an average two inches from the posterior border of the 
testis. 
The marginal vein anastomoses with the deferential 
vein, and forms anastomotic connections with the 
testicular veins and the external spermatic vein. In 
one specimen a firm communication occurs between the 
marginal vein and a prominent vein lying close to the 
posterior border of the testis - the vena marginalis 
testis. 
In all five cases, anastomotic channels between 
epididymal and testicular veins cross the superior 
epididymal ligament. 
DISCUSSION 
The accounts of previous workers are confusing. 
Sappey (1873) described two plexuses, one ventral and 
one dorsal to the vas deferens; Testu' (1894) believed 
the dorsideferential plexus drained the body and tail 
of the epididymis, and emptied into the inferior 
epigastrio vein; according tc Octave Pa tenu (1901) 
the veins of the corpus and cauda epididymidis drain 
either into the pampiniform plexus or form a subsidiary 
channel deep to the vas deferens, which ends in the 
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inferior epigastric vein. By far the most authoritative 
account is due to Haberer (1898), and it is with his 
findings that the author is in fundamental agreement. In 
the short series available, a similar venous pattern could 
easily be detected. On one occasion the capital veins 
were absorbed directly into the pampiniform plexus; in 
the remaining specimens the capital system either 
communicates with or drains directly into the vena 
marginalis epididymidis proper. This arrangement is 
of more than ordinary interest, and supports Haberer's 
contention that the veins of the epididymis in Man 
reciprocate the arterial supply. 
It is of some importance that the term ppiniform 
plexus be defined within strict limits. Its definition 
according to Rauher (1894); Haberer (1898); Octave 
Pastee7 (1901) and Harrison (1948) would seem very suitable: 
its acceptanceavoids confusion and assures a separation 
of the various elements frequently combined to describe 
the plexus as a whole. The recognition of four routes 
of venous drainage, cremasteric, testicular, epididymal 
and deferential is therefore recommended. 
PART IV 
A COMPARISON OF THE BLOOD SUPPLY OF THE EPIDIDYMI S 
IN THE RAT AND IN MAN. 
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An examination of the blood supply of the rat 
epididymis leaves little doubt that the arteries and 
veins are reciprocally arranged. In this investigation 
the material available for a study of the venous 
drainage of the epididymis in Man has been limited to 
a short series of five specimens. Nevertheless the 
evidence for a similar reciprocity is not unconvincing. 
The communication between capital and marginal veins 
compares favourably with the distribution of capital 
and marginal branches from the epididymal stem artery. 
The occasional occurrence of an accessory capital supply, 
finds its counterpart in the escape of a portion of the 
capital venous system directly into the pampiniform 
plexus. Furthermore, as Haberer (1898) has pointed out, 
the loop between vena epididymica, marginal, deferential 
and external spermatic veins, reciprocates the arterial 
arcade between epididymal and deferential arteries and 
their anastomotic connections. On the evidence of the 
material available it is suggested that both in the rat 
and in Man, the venous drainage of the epididymis is 
modelled on its arterial supply. 
The vascular pattern of the testis is, in each case, 
complex, and this is little cause for wonder. The 
precise, delicate and complicated changes in spermatogenesis 
surely demand a blood flow specialised to nourish the 
seminiferous tubules at an even speed, and probably at 
a fixed temperature. The epididymal pattern indicates 
no great degree of specialisation, and the protection 
of sperm cells within the epididymis as they pass from 
head to tail, appears to be accomplished by a relatively 
simpler arteriovenous arrangement. 
In Man the blood supply is conveyed to the epididymis 
by a well -defined single stem artery. In the rat the 
common stem, when present, is very short indeed, and 
separate superior and inferior arteries are the general 
rule. The formation of a tail loop obtains for both, 
but whereas anastomoses between the loop and the 
cremasteric artery occurs in one -third of all cases in 
the rat, it is present in over two -thirds of all cases 
in Man. Furthermore, the tail loop in the human 
epididymis communicates with the subtunical portion of 
the testicular artery, and anastomoses between the 
terminal intratesticular arteries and the superior 
epididymal group are not infrequent. 
The results, therefore, of experimental arterial 
interruptions in the rat cannot apply unconditionally to 
Man. Nevertheless, a consideration of the results 
obtained suggests their tentative application to various 
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aspects of epididymal function, both in health and 
disease. 
PART V 
THE WIDER IMPLICATION OF EXPERIMENTAL 
ARTERIAL INTERRUPTIONS IN THE RAT. 
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It has been possible by experimental arterial 
ligations to establish a variety of changes in the caput 
epididymidis, vasa efferentia and testis of the rat. 
When the initial damage is severe, epididymal necrosis, 
efferential obstruction and testicular atrophy follow 
one another in rapid succession. The immediate result 
is a high epididymal obstruction. Whatever the final 
condition of the testis the end result is an obstructive 
azoospermia. Minor lesions provoke obstructions of a 
temporary nature, but even then the efferential system 
may not escape entirely. In cases in which the recovery 
of the testis is delayed over several months, patchy 
fibrosis of the efferentia) tubules can frequently be 
detected, although the epididymal epithelium appears to 
be perfectly normal. The lining epithelium of the vases, 
possessing as it does, ciliated and non - ciliated elements, 
reacts adversely to stasis of the efferential stream. 
Moore and his co-workers (1939) have assembled 
formidable evidence to indicate that simple occlusion of 
the vas deferens interferes but little with the activity 
of the testis. They tend to disregard the severe and 
prolonged effects of ligation and division of the vasa 
efferentia described by other workers, (Van Wagenen, 1924; 
Oslund, 1926; Cunningham, 1928; White, 1933) and suggest 
that factors other than simple occlusion of the excurrent 
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duct are involved. 
Moore (1939) claims that testis transplants in 
amphibians, reptiles, birds, and mammals, will persist 
for months or even years without excurrent ducts and 
still produce spermatozoa. On examination of animal 
material with congenital absence of the entire excurrent 
system he found a rhythmic cycle of spermatogenic 
activity, a portion of the tubular system showing signs 
of progressive spermatogenesis at any one time. 
Testicular biopsy in Man confirms the fact that 
spermatogenesis continues when the epididymis itself 
is absent (Nelson, 1952). It is reasonable to assume, 
therefore, that a testis congenitally devoid of its 
excretory apparatus is still capable of a degree of 
normal activity. Congenital absence of the entire 
excurrent system may allow tubular adjustment to proceed 
gradually and in an orderly fashion over a number of years, 
provided, of course, that the blood supply, lymph 
drainage, and nerve supply of the testis remains intact 
and the testis occupies a normal position. Nevertheless, 
the final potentialities of a testis suddenly deprived 
of its efferential outlet by section,trauma or disease 
is still a matter for conjecture. 
The long term findings in the animal experiments 
described certainly uphold Moore's concept that occlusion 
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of the excurrent duct of the testis does not abolish 
spermatogenesis, but they do not argue for a degree of 
recovery comparable with the rhythmic activity fOund in 
animal material, with congenital absence of the excurrent 
duct system. It is clear that the immediate effects of 
vasectomy must differ from those of ductulectomy. In 
the former the tubular system of the body acts as an 
escape reservoir, so that the obstruction can never be 
acute, and any balance between spermatogenesis and 
spermatolysis is more readily attained. 
White (1933) points out "that the conditions 
provided by sudden ligation of the efferent ducts of a 
mature testis do not seem altogether comparable to those 
found in testis tissue persisting without ducts since 
early development ". He discusses "thé various factors 
which might effect degeneration of the testis after such 
a procedure" and believes that "pressure atrophy or some 
still unknown factor" is responsible. It is of some 
importance that an increase of intratesticular tension 
can frequently be detected four hours after operation, 
and histologically a packing of the efferential tubules 
below the ligature within twenty -four hours (Harrison and 
Macmillan, 1953). The sudden interruption of a rapidly 
moving efferential stream is the prime factor in 
initiating a rise of intratesticular tension, and 
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subsequently a pressure atrophy of the seminiferous 
tubules. The unfavourable results, which follow occlusion 
of the main blood supply to the head and the adjoining 
portion of the body of the rat epididymis, invite a 
reassessment of the effects of simple ligation and 
division of the vasa efferentia. 
The epididymal arteries in Man lie superficially 
in the spermatic cord, and the stem vessel may arise high 
in the inguinal canal. While the results of experiments 
in the rat cannot apply unconditionally to Man, it is 
not unreasonable to suggest that at least some of the 
testicular complications associated with the surgery 
of the inguinal canal follow interference with the 
epididymal blood supply. The radical cure for varicocoele 
has lost its popularity chiefly on account of problems 
such as testicular atrophy, testicular hardening and 
chronic testicular pain. (See Corner and I itch, 1906). 
These complications have been attributed to unrestricted 
resection of the pampiniform plexus or to injury of the 
testicular artery at the time of operation. (Wells, 1948) . 
It is certain that it would not be difficult to interrupt 
inadvertently the main epididymal blood supply, even 
when the superficial veins alone are removed and the 
deeper channels left intact. A close examination of the 
indifferent results following high operation for 
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varicocoele reveals their resemblance to the effects 
of experimental ligation of epididymal arteries in 
the rat. Similarly post -operative hydrocele and 
testicular atrophy have been described as complications 
of inguinal herniotomy and herniorrhaphy (Aird, 1949; 
Hamilton Bailey, 1936; Baker and Evoy, 1942). 
The latter authors noted "that the reaction of the 
tissues in different subjects varies with identical 
operative procedures. In some, even with the most 
gentle manipulations, vaso- constriction is marked, 
with at least a temporary circulatory embarrassment 
of the part supplied and drained ". It is possible 
that vasospasm occurs more frequently in the surgery 
of the inguinal canal than is generally recognized. 
The exposure and clearing of a hernial sac unavoidably 
subjects the vascular spermatic cord to varying 
degrees of trauma. 
The efferential tubules in the rat join to form 
one single convoluted channel, which in turn joins the 
ductus epididymidis (Plate 43). In Man, junction is 
effected by each and every tubule in serial fashion. 
Architecturally the human pattern is not so vulnerable 
and is more likely to suffer obstructions which are 
incomplete and of a temporary nature. A sudden, 
extensive lesion of the epididymal head, be it traumatic 
PLATE 43 
A diagram to illustrate the 
arrangement of the efferential 
system in the rat and in Man. 
PLATE 43 
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or infective, can be responsible for a lasting degree 
of testicular damage. In the rat a minimal lesion will 
obstruct absolutely; in Man an extensive lesion will 
do likewise; a less extensive lesion, however, may only 
obstruct a proportion of the tubules; the tubules, 
peripheral to the lesion, though temporarily embarrassed 
by pressure, will retain their patency. 
In the rat the efferential stream moves with some 
considerable velocity. There is no good reason to doubt 
that this too occurs in Man; the rapid involvement of 
the testis in the early stages of an infective epididymo- 
orchitis may well be due to a disturbance of the 
efferential flow, and the "orchitis ", an expression of 
distension rather than a true inflammation. Clinically 
attention should be directed to fluctuations of intra- 
testicular tension, for they will indicate accurately 
the course of the obstructive process. In Tian, only a 
very extensive lesion could obstruct the efferential 
system absolutely. Temporary obstruction may be the 
general rule. Even in these circumstances the efferential 
tubules may not escape a degree of permanent damage. A 
second attack of capital epididymitis must therefore be 
regarded with all the respect it deserves. The 
decompression of a severe degree of testicular swelling 
by incision of the tunica albuginea may relieve tension 
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but the seminiferous tubules are only encouraged to 
further bouts of activity against an obstruction which 
has not been relieved, and the added accumulations of 
seminiferous products can do nothing but harm. 
Decapsulation of the epididymis (Hamilton Bailey, 1936) , 
may be the more rational procedure. 
Azoospermia following acute efferential obstruction 
is a grievous problem. The testis retains what material 
it can muster, and this in turn degenerates. Surgical 
intervention to open a new pathway has little chance of 
success unless an effective balance exists between 
spermatogenesis on the one hand and sp ermatolysi s on the 
other. Any lag in absorption means an increase in 
accumulated spermatogenetic products, a slowing of the 
activity of the surviving tubules, ,ná possibly the 
liberation of toxic substances which vitiate the 
germinal epithelium. 
Nelson (1952) recently summarized his biopsy 
findings in twenty -one males whose seminal fluid was 
azoospermic and who were known to have some obstruction 
to sperm transport: "Examination revealed patterns of 
testicular morphology which were in no way different 
from those seen in man with patent efferent ducts. In 
thirteen cases spermatogenesis was considered to fall 
within normal limits, in eight cases the pattern was 
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inferior, but the types of defects were similar to those 
seen elsewhere and were not regarded as related to the 
defects in the seminal passages ". It is interesting 
to note that spermatogenesis was rated as fair in a 
twenty- eight -year -old man with bilateral absence of 
both vas deferens and epididymis, and that the site of 
occlusion by disease in the twelve described cases was 
either in the vas deferens or in the vaso- epididymal loop. 
The long -term findings in the animal experiments 
described are far from reassuring. Let it be admitted 
that centrally, in the testis,groups of seminiferous 
tubules possess a normal epithelium and contain 
quantities of spermatozoa. The remaining tubules, 
however, are not only degenerated, but in some cases 
irreparably damaged. Spermatogenetic destruction with 
tubular collapse, tubular obstruction severeenough to 
cause a total loss of germinal epithelium, hyaline 
degeneration of the membrana propria, periretial fibrosis, 
and chronic thickening of the tunica albuginea all 
confirm that the tubular system, at least in part, has 
been permanently disorganized. The chances of estab- 
lishing an effective balance between spermatogenesis 
and spermatolysis are accordingly diminished, and the 
difficulties of surgical treatment correspondingly 
increased. The final potentialities of the testis 
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following lesions of the epididymal head in Man must be 
very questionable. Acute efferential obstructions 
produce severe damage. Surgically the testis may have 
a poor prognosis, and the prognosis of the patient's 
fertility must always be guarded. The emphasis, therefore, 
rests on prophylaxis. Measures which respect the 
epididymal blood supply and regard every case of capital 
epididymitis with circumspection and care will do much 
to lower their incidence. 
Arterial interruptions which occlude the main blood 
supply to the tail and adjoining portion of the body of 
the rat epididymis, indicate so far an insufficiency under 
certain conditions of the anastomotic loop between vasai 
and inferior epididymal arteries. Widespread necrosis 
of the caudal tubules disorganises sperm transport and 
sperm storage; the immediate result is a low epididymal 
obstruction. The investigation is being pursued in the 
hope of providing additional information on the life 
cycle of the spermatozoon, the fate of non -ejaculated 
spermatozoa and the long term effects of experimental 
caudal necrosis, and will include an examination of 
various factors which may predispose to the occurrence 
of tuberculous lesions in the tail of the epididymis in 
Man- 
PART VI 
SUMMARY AND CONCLUSIONS 
1) Summary of the Materials and Methods 
Employed throughout the Investigations. 
2) Conclusions. 
1) SUMMARY OF THE MATERIALS AND METHODS 
EMPLOYED THROUGHOUT THE INVESTIGATIONS. 
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1. A 20°,' suspension of Bismuth Oxychloride was used as 
a radio opaque medium to outline the blood supply of the 
rat epididymis and the rat vasa efferentia. 
This injection medium fills vessels which are 
presumably functional and are greater than capillary size. 
2. The various specimens were cleared in methyl salicylate 
and examined in series as follows: - 
The arterial supply of the rat epididymis - 21 
The venous drainage of the rat epididymis - 6 
The arterial supply of the rat vasa efferentia - 7 
The venous drainage of the rat vases efferentia - 6 
3. Following a consideration of the various factors 
which might influence the end result in a series of 
planned operations, an operative technique was devised 
and experimental interruptions of epididymal vessels in 
the mature albino rat undertaken, as follows. In each 
case arteries and veins were occluded simultaneously. 
Occlusion of the superior and accessory 
capital arteries - 51 
Occlusion of the superior epididymal trunk - 6 
Occlusion of the accessory capital arteries - 4 
Occlusion of the cremasteric artery - 1 
Occlusion of the vasai artery - 3 
Occlusion of the vasai and inferior epididymal 
arteries - 5 
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4. The animals were sacrificed at varying intervals 
and the right testis measured against the left. 
In the great majority of cases both testes and 
epididymides were then subjected to histological 
examination; several specimens were cleared following 
their injection with a 20;" suspension of Bismuth 
Oxychloride. 
The distribution of material for histological 
examination occurred as follows: - 
Occlusion of superior and accessory 
capital arteries 
Occlusion of the superior epididymal 
- 31 rats 
trunk - 2 " 
Occlusion of the accessory capital 
arteries - 4 " 
Occlusion of the vasai artery - 3 " 
Occlusion of the cremasteric artery - 1 " 
Occlusion of the vasai and inferior 
epididymal arteries - 5 " 
5. A 20;` suspension of Bismuth Oxychloride was used as 
a radio opaque medium to outline the arterial supply of 
the epididymis in Man in a series of 21 fresh post mortem 
specimens. 
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6. Micropaque (Damancy and Co.Ltd., Ware, Herts.) was 
used to outline the venous drainage of the epididymis in 
Man in a series of five fresh post mortem specimens. 
7. A consideration of the various results obtained 
prompted the following conclusions. 
CONCLUSIONS 
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The Blood Supply of the Rat Epidid ym and is Rat Vasa 
ff erentia. 
(1) The rat epididymis is supplied by superior and 
inferior arteries which arise from the convoluted 
portion of the testicular artery, 1 to 2 cris. from 
the epididymis, either as two separate branches or 
by a short common. stem; variations occur in their 
pattern of distribution. 
(2) The caput and the adjoining portion of the corpus 
epididymidis are supplied constantly by branches 
from both arteries, and a firm peripheral anastomosis 
occurs in fifteen out of twenty -one cases examined. 
Direct anastomoses between the two stem arteries 
do not occur. 
(3) The inferior vessel forms a well- defined anastomotic 
loop with the vasai artery, and with this loop the 
cremasteric artery communicates in five out of 
thirteen cases specially examined. Anastomoses do 
not occur between the epididymal and intratesticular 
arteries. 
(4) The arterial and venous patterns of the rat 
epididymis are reciprocally arranged. 
(5) The arterial supply of the rat versa efferentia is 
derived from the superior epididymal artery; the 
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efferential veins communicate with the veins of 
the testis and join the veins of the caput 
epididymidis. 
.' ) erimental Arterial Interru tions in the Rat: 
(1) Experimental arterial interruptions which occlude 
the main blood supply to the caput and the 
adjoining portion of the corpus epididymidis effect 
changes not only in the epididymis and in the vasa 
efferentia, but in the testis itself. 
(2) When the initial damage is severe, epididymal 
necrosis, efferential obstruction and testicular 
atrophy follow one another in rapid succession; 
the immediate result is an interruption of sperm. 
transport. The epididymal lesion undergoes 
fibrosis, as do the efferential tubules, testicular 
atrophy persists and the end result is an 
obstructive azoospermia. 
(3) The early changes in the testis are due to the 
interruption of a rapidly moving efferential stream. 
(4) In the testis, signs of progressive spermatogenesis 
can still be found eleven months after operation; 
there is, however, little indication of an orderly 
adjustment of spermatogenic function. The tubular 
system, at least in part, is permanently disorganised. 
The Leydig cells remain healthy throughout. 
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(5) The corpus epididymidis is empty of sperm cells 
fourteen days after total efferential obstruction. 
(6) The changes observed in the cauda epididymidis are 
inconclusive; nevertheless, they favour a simple 
dissolution of the non -ejaculated sperm. 
(7) Although collateral anastomoses may, on occasion, 
be sufficient to preserve a functional patency 
between testis and epididymis, some degree of 
permanent damage to the efferential system can 
frequently be detected. The lining epithelium of 
the vasa efferentia reacts adversely to stasis of 
the efferential stream. 
(8) ,. ididymal necrosis, efferential obstruction and 
testicular atrophy may on occasions follow ligation 
and division of the superior epididymal trunk. 
(9) Occlusions of the vasai, the cremasteric or of the 
accessory capital arteries are innocuous. 
(10) Experimental interruptions of caudal arteries is 
followed, under certain circumstances, by widespread 
caudal necrosis. 
The Blood Sup 1y of the pididymis in Man. 
(1) The main artery of supply is a single stem vessel 
which arises from the testicular artery, or from 
one of its main branches, a variable distance from 
the epididymis. 
- 105 - 
(2) The epididymal stem artery may arise high in the 
inguinal canal; it supplies the head and body of 
the epididymas and forms a well -defined anastomotic 
loop with the vasal artery. 
(3) The caput epididymidis receives occasionally an 
additional artery of supply from the testicular 
trunk or from one of its main branches. 
(4) Three arteries contribute constantly to the supply 
of the tail, the epididymal, the vasai and the 
testicular, the latter by means of branches which 
pierce the tunica albuginea from within outwards. 
In fourteen out of twenty -one cases specially 
examined, the cremasteric artery completes a 
quadruple anastomosis. In one case outside the 
series under discussion an accessory epididymal 
artery arising from the testicular trunk, reinforced 
the caudal anastomosis. 
(5) In seven cases out of twenty -one examined a capital 
vessel communicates across the superior epididymal 
ligament with the terminal intratesticular arteries. 
(6) The veins of the body and the tail join to form a 
marginal channel - the vena marginalis epididymidis 
of Haberer. 
(7) The capital veins communicate with, or drain directly 
into, the pampiniform plexus. Alternatively they 
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may communicate with, or drain directly into, the 
vena marginalis. 
(8) The vena marginalis communicates with the vena 
marginalis testis, when present, with the pampiniform 
plexus, with the cremasteric and deferential veins, 
and may receive or communicate with the capital 
veins. It then joins the pampiniform plexus on 
its ventrolateral aspect as the vena epididymica. 
(9) Anastomotic channels cross the superior epididymal 
ligament and the ligamentum testis. They connect 
the veins of the testis with the capital and caudal 
veins respectively. 
A Comparative Study of the Blood Supply of the Epididymis 
in the Rat and in Man. 
(1) The arterial supply and venous drainage in the rat 
are reciprocally arranged; there is good evidence 
to support a similar reciprocity in Man. 
(2) A similarity of pattern exists, but in the rat 
direct anastomoses between epididymal and testicular 
arteries do not occur. 
(3) The results of experimental arterial ligations in 
the rat cannot apply unconditionally to Man. 
(4) The blood supply of the epididymis in the rat and 
in Man is relatively simple in its organisation; 
- 107 - 
conversely, the vascular pattern of the testis is 
very complex. 
The "Wider Im lications of the Effects of E erimental 
Arterial Ligations in the Rat: 
(1) Moore's concept that simple occlusion of the 
excurrent duct of the testis does not abolish 
spermatogenesis, obtains in high epididymal 
obstructions initiated by experimental interruptions 
of capital arteries in the rat. 
(2) This concept should not be applied too easily or 
too widely, for the degree of permanent damage 
following experimental arterial interruption of 
epididymal arteries in the rat, compares unfavourably 
with the orderly adjustment of spermatogenic function 
observed in animal material with congenital absence 
of the entire excurrent system. 
(3) It is suggested that the early effects of ligation 
and division of the mammalian vasa efferentia are 
due, not only to the occlusion of the outlet ducts 
and a retention of testicular products, but more 
precisely to the sudden interruption of a rapidly 
moving efferential stream. 
(4) The testicular complications associated with the 
surgery of the inguinal canal may be due to 
interference with the epididymal blood supply. 
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Its preservation at operation is therefore 
recommended. 
(5) It is suggested that the "orchitis" of acute 
infective epididymo- orchitis is primarily an 
expression of testicular distension due to a 
disturbance of the efferential flow rather than 
a true inflammation. 
(6) It is recommended that every case of capital 
epididymitis be treated with the respect it 
deserves. Fluctuations in tension will indicate 
the degree of testicular involvement. Recurrent 
attacks are likely to be cumulative in their 
effects. 
(7) A long term survey of the effects of experimental 
interruption of caudal arteries in the rat is in 
progress and may provide additional information 
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